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Dedicated to Our Families, 
Our Students, and 


Our Patients 


Foreword to the Fifth Edition 


The fifth edition of Muscles, Testing and Function with 
Posture and Pain by Florence P. Kendall and her four as- 
sociate authors (two of whom are new to this edition) 
continues to provide rehabilitation professionals with 
a wealth of knowledge and background in this all- 
important aspect of the patient/client examination 
process. Florence and Henry Kendall were pioneers in 
the early development and refinement of the art and sci- 
ence of muscle testing as evidenced by the publication 
of the first edition of this text in 1949. Each succeeding 
edition (1971, 1983, and 1993) further refined and ex- 
panded the methods of evaluating muscle performance 
and function, and further recognized the need for under- 
standing the relationships between muscle imbalances 
and their resultant faulty postures and pain syndromes. 
This text has become the "gold standard" for practice. 


This latest edition contains many new features. As one 
would expect from Florence Kendall, a physical thera- 
pist who has never let a moment go by without mentor- 
ing, teaching, and sharing her deep insights, she has 
once again shown us the importance of maintaining cur- 
rency with professional developments affecting practice. 


This book's underlying philosophy is that we must al- 
ways return to the tried and true basics that make us 
more reflective practitioners regarding the appropriate 
tests and measures selections needed to be better able to 
devise and select intervention strategies concurrent with 
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examination findings. The sections on posture, face, 
head, neck, trunk, extremities and respiration detail in- 
nervation, joint movement, muscle strength tests, painful 
conditions and exercise interventions. The presentation, 
photos and graphics were recognized for their clarity 
from the very first edition, and this standard of excel- 
lence continues with this fifth edition. There is absolutely 
no doubt that this latest edition of Muscles, Testing and 
Function with Posture and Pain will continue to be the 
text of choice for students, clinicians and faculty in- 
volved in these crucial aspects of the examination, eval- 
uation and diagnostic processes of the musculoskeletal 
system. 


I feel so privileged to have been asked to write this fore- 
word for my colleague, my friend, and my mentor. One 
must always stand in awe of this truly remarkable 
woman's contributions over more than three score years. 
Her enthusiasm for and love of the material that make 
up this text's "heart and soul" is evident in all of Flo- 
rence's professional endeavors. The comprehensiveness 
of the text makes it continually stand the test of time, 
just as the primary author has stood the test in her cho- 
sen profession of physical therapy. 


Marilyn Moffat, FT, PhD, FAPTA, CSCS 
Professor 

Department of Physical Therapy 

New York University 
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For more than half a century, through four editions, 
MUSCLES, Testing and Function has earned a place in 
the annals of history. It has served as a textbook for stu- 
dents and as a reference book for practitioners in vari- 
ous medical and allied health fields. The first edition 
(1949) was augmented three years later by the publica- 
tion of Posture and Pain. Subsequently, parts of this 
book were added and, by the fourth edition, all of PoS' 
ture and Pain had been incorporated into MUSCLES, 
Testing and Function, and Posture and Pain went out of 
print. Starting with the first edition, this book has been 
published in nine foreign languages. 


While each edition has added new material and 
made changes, this fifth edition has "undergone an over- 
haul." The book now follows the logical order of the 
body, beginning at the head and ending at the feet. By 
re-organizing, the number of chapters has been reduced 
from twelve to seven. The chapters, excluding 1 and 2, 
have also been organized in a meaningful manner: in- 
troduction, innervation, joints, range of motion, muscle 
length tests, muscle strength tests, faulty and painful 
conditions, case studies, followed by corrective exer- 
cises and references. 

There are new and revised charts, drawings, and 
photographs, many in color, throughout the text. The im- 
portance of innervation has been emphasized by moving 
it from the end of the book, as it was in the fourth edi- 
tion, and placing each segment at the beginning of the 
respective chapters. New features such as "Classic 
Kendall" and "Historical Notes" allow the reader to ben- 
efit from the senior author's seventy years of practice in 
the field of Physical Therapy. 

Chapter 1 addresses the fundamental concepts rela- 
tive to the succeeding chapters. 

Of particular importance, is the recognition of four 
classifications for strength testing, and a revised key to 
muscle grading. At the end of the chapter, a segment 
about poliomyelitis and post-polio syndrome includes 
charts that show the results of six manual muscle tests 
on one-patient over a fifty-year period. 

Chapter 2, the Posture Chapter, contains photo- 
graphs and drawings that illustrate both ideal and faulty 
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posture of adults. Section II discusses the postural ex- 
amination. Section Ш is devoted to posture of children, 
and the last section is devoted to scoliosis. 

Chapter 3 is about the head and face. An introduc- 
tion has been added, but otherwise remains as in the 
fourth edition with innervation at the beginning of the 
chapter. A two-page chart about the Muscles of Deglu- 
tition has been placed at the end of the chapter. 

Chapter 4 discusses good and faulty postures of the 
neck. Material that had been elsewhere in the previous 
editions has been appropriately placed in this chapter. 
Included are three pages full of photographs about joint 
movements, posture of the neck, and exercises. A page 
of color photographs shows the incorrect and the correct 
positions at a computer. Another page of color photo- 
graphs along with text shows and explains the various 
massage movements used to help stretch tight muscles. 

Chapter 5, the Trunk and Respiratory Muscles, be- 
gins with a discussion ofthe spine and the back muscles. 
A page with four photographs demonstrates a misdiag- 
nosis related to strength of back muscles. The section on 
abdominal muscle testing includes photographs of ex- 
ercises for the external oblique in sitting. The section on 
respiration has been appropriately placed at the end of 
this chapter. There are new color photographs depicting 
diaphragmatic and chest movements during inspiration 
and expiration. 

Chapter 6 is devoted to the shoulder girdle and the 
upper extremity. Of particular significance are the five 
pages devoted to definitions, illustrations, and a two- 
page chart related to articulations of the shoulder girdle. 
With recognition of the vertebroscapular and the cos- 
toscapular articulations, the shoulder girdle is no longer 
an incomplete girdle. (The so-called "scapulothoracic 
joint" may be considered redundant.) 

There is also a new Finger Range of Motion Chart, 
new drawings of the Glenohumeral Joint, and 22 new 
color photos. There are additional Case Studies and one 
page of text on overuse injuries. 

Chapter 7 covers the lower extremity. Many new 
photographs have been added. Especially important are 
those on page 389 that help to illustrate how errors in 
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interpretation of test results can lead to a misdiagnosis. 
Four new pages with numerous color photographs illus- 
trate and explain the modified Ober test and a test for 
hip flexor length that includes the tensor fasciae latae. 

At the end of the chapter, there are charts with mus- 





cle test results showing the symmetry in Guillain Barré 
syndrome as compared to the lack of symmetry in cases 
of poliomyelitis. New to the appendix is the addition of 
the article entitled /solated Paralysis of the Serratas An- 
terior Muscle. 
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Throughout the years, many people have contributed to 
the lasting value of this book. A page devoted to ac- 
knowledgments provides the opportunity to recognize 
them. A special tribute goes to the artist, William E. 
Loechel, and the photographer, Charles C. Krausse, Jr., 
whose superb work for the first edition of Muscles, Test- 
ing and Function (1949) and for Posture and Pain (1952) 
"has stood the test of time." Their work plays a major 
role in all subsequent editions. 

By the second edition of Muscles, Testing and Func- 
tion, the art work by Ranice Crosby, Diane Abeloff and 
Marjorie Gregerman was added to the text. Their excellent 
portrayal of the cervical, brachial, lumbar and sacral plexus 
illustrations has remained part of all subsequent editions. 
Some new photographs were added to the third edition, 
thanks to Irvin Miller, physical therapist. By the fourth edi- 
tion, the tradition of excellence was continued with addi- 
tional photography by Peter J. Andrews. By chance, Peter 
became an excellent subject for some of the photographs! 

In this fifth edition, Diane Abeloff has again assisted 
with new drawings. For the illustrations on several pages 
of exercises, we thank George Geise. We sincerely ap- 
preciate the work of the photographers, Susan and Robert 
Noonan. Patricia Provance, co-author in the fourth edi- 
tion, has helped to coordinate the work of the artist and 
of the photographers, and has supplied numerous photo- 
graphs. For help with proof-reading and assistance in the 
literature research, we thank two physical therapy stu- 
dents at the University of Maryland School of Medicine, 
Beth Becoskie and Rebecca Sauder. We appreciate the 
help from Sue Carpenter, (co-author of Golfers Take Care 
of your Back), for her timely assistance. 


To Marilyn Moffat, for writing the Foreword, we 
extend our most sincere appreciation. 


The following groups of people have helped with 
the fifth edition. 

The four co-authors, whose names appear in gold 
letters on the cover of this book, have cooperated in re- 
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organizing and expanding the text, adding new illus- 
trations, new pages of exercises, and additional refer- 
ences. 

Lippincott, Williams & Wilkins, represented by Su- 
san Katz, Pamela Lappies, Nancy Evans, and Nancy Pe- 
terson, sponsored the production of this book. 

Anne Seitz and her staff have engineered and pro- 
duced the publication of this fifth edition. Color has 
been added to many of the pages, and items that deserve 
special attention have been "boxed" giving the book a 
new look. 

The family members of the senior author deserve 
special recognition for their part in the successful com- 
pletion of all five editions of this book! 

Starting with the grandchildren, there are many pho- 
tographs depicting various tests in which David and 
Linda Nolte and Kendall McCreary participated as will- 
ing and helpful subjects. Many of the photographs ap- 
peared in earlier editions and continue into this edition. 
Kirsten Furlong White and Leslie Kendall Furlong have 
been of great assistance in preparing the manuscripts for 
this fifth edition. 

The three daughters, Susan, Elizabeth, and Florence 
Jean have participated since childhood, with Susan and 
Elizabeth (at the ages of nine and seven) being the sub- 
jects for the facial tests in the first edition! They partic- 
ipated, also, as teenagers and young adults. 

Elizabeth, as co-author of the third, fourth and fifth 
editions, has been a major contributor. 
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Nolte, their help has been beyond measure. For the past 
twenty-seven years, I have had the privilege of living 
with them. They have shared in the frustrations that ac- 
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INTRODUCTION 


The underlying philosophy of this book is that there is a 
continuing need to"get back to basics." This philosophy 
is especially pertinent in this era of time-limited treat- 
ments and advancing technology. 

Muscle function, body mechanics, and simple treat- 
ment procedures do not change. With respect to muscu- 
loskeletal problems, the underlying purposes of treat- 
ment have been, and continue to be, to restore and 
maintain appropriate range of motion, good alignment 
and muscle balance. 

It is essential that the practitioner choose and effec- 
tively perform tests that aid in solving problems, whether 
to provide a differential diagnosis, establish or change 
treatment procedures, improve function, or relieve pain. 
Of paramount importance, for students and clinicians, is 
the ability to think critically, to demand objectivity, and 
to use the caution and care needed for appropriate, ac- 
curate and meaningful tests and measurements. 

The role of prevention of musculoskeletal problems 
is destined to become an increasingly important issue in 
the future. Health practitioners can play an effective role 
in promoting wellness if they are aware of adverse ef- 
fects of muscle imbalance, faulty alignment, and im- 
proper exercise. 

A thorough understanding of muscle problems and 
painful conditions associated with poor posture will en- 
able practitioners to develop safe and effective home 
programs for their patients. The costs to society for treat- 
ment of common problems, such as low back pain, have 
reached a critical point. Many cases of low back pain are 
related to faulty posture and are corrected or alleviated 
by restoring good alignment. 

The timeless importance of effective musculoskele- 
tal testing is evident in the last segment of Chapter 1. 
The unique presentation of muscle test results for a post 
polio patient over a fifty year period demonstrates the 
durability of testing and grading. 
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MANUAL MUSCLE TESTING 


MANUAL MUSCLE TESTING 


This book emphasizes muscle balance and the effects of 
imbalance, weakness, and contracture on alignment and 
function. It presents the underlying principles involved 
in preserving muscle testing as an art, and the precision 
in testing necessary to preserve it as a science. 

The art of muscle testing involves the care with 
which an injured part is handled, the positioning to avoid 
discomfort or pain, the gentleness required in testing 
very weak muscles, and the ability to apply pressure or 
resistance in a manner that permits the subject to exert 
the optimal response. 

Science demands rigorous attention to every detail 
that might affect the accuracy of muscle testing. Failure 
to take into account apparently insignificant factors 
may alter test results. Findings are useful only if they 
are accurate. Inaccurate test results mislead and con- 
fuse and may lead to a misdiagnosis with serious con- 
sequences. Muscle testing is a procedure that depends 
on the knowledge, skill, and experience of the exam- 
iner who should not betray, through carelessness or the 
lack of skill, the confidence that others rightfully place 
in this procedure. 


Muscle testing is an integral part of physical exam- 
ination. It provides information, not obtained by other 
procedures, that is useful in differential diagnosis, 
prognosis and treatment of neuromuscular and muscu- 
loskeletal disorders. 

Many neuromuscular conditions are characterized 
by muscle weakness. Some show definite patterns of 
muscle involvement; others show spotty weakness with- 
out any apparent pattern. In some cases weakness is sym- 
metrical, in others, asymmetrical. The site or level of 
peripheral lesion may be determined because the mus- 
cles distal to the site of the lesion will show weakness or 


paralysis. Careful testing and accurate recording of test 
results will reveal the characteristic findings and aid in 
diagnosis. 

Musculoskeletal conditions frequently show pat- 
terns of muscle imbalance. Some patterns are asso- 
ciated with handedness, some with habitually poor pos- 
ture. Muscle imbalance may also result from occupa- 
tional or recreational activities in which there is per- 
sistent use of certain muscles without adequate exercise 
of opposing muscles. Imbalance that affects body align- 
ment is an important factor in many painful postural 
conditions. 


The technique of manual muscle testing is basically 
the same for cases of faulty posture as for neuromuscu- 
lar conditions, but the range of weakness encountered in 
faulty posture is less because grades below fair are 
uncommon. The number of tests used in cases of faulty 
posture is also less. 

Muscle imbalance distorts alignment and sets the 
stage for undue stress and strain on joints, ligaments, 
and muscles. Manual muscle testing is the tool of choice 
to determine the extent of imbalance. 

Examination to determine muscle length and 
strength is essential before prescribing therapeutic 
exercises because most of these exercises are designed 
either to stretch short muscles or to strengthen weak 
muscles. 

Muscle length testing is used to determine whether 
the muscle length is limited or excessive, i.e., whether the 
muscle is too short to permit normal range of motion, or 
stretched and allowing too much range of motion. When 
stretching is indicated, tight muscles should be stretched 
in a manner that is not injurious to the part or to the body 
as a whole. Range of motion should be increased to per- 
mit normal joint function unless restriction of motion is a 
desired end result for the sake of stability. 
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Muscle strength testing is used to determine the 
capability of muscles or muscle groups to function in 
movement and their ability to provide stability and 
support. 

Many factors are involved in the problems of weak- 
ness and return of strength. Weakness may be due to 
nerve involvement, disuse atrophy, stretch weakness, 
pain, or fatigue. Return of muscle strength may be due 
to recovery following the disease process, return of 
nerve impulse, after trauma and repair, hypertrophy of 
unaffected muscle fibers, muscular development result- 
ing from exercises to overcome disuse atrophy, or re- 
turn of strength after stretch and strain have been re- 
lieved. 

Muscle weakness should be treated in accordance 
with the basic cause of weakness. If due to lack of use, 
then exercise; if due to overwork and fatigue, then rest; 
if due to stretch and strain, then relief of stretch and 
strain before the stress of additional exercise is thrust 
upon the weak muscle. 

Every muscle is a prime mover in some specific ac- 
tion. No two muscles in the body have exactly the same 
function. When any one muscle is paralyzed, stability of 
the part is impaired or some exact movement is lost. 
Some of the most dramatic evidence of muscle function 
comes from observing the effects of loss of the ability to 
contract as seen in paralyzed muscles, or the effect of 
excessive shortening as seen in a muscle contracture and 
the resultant deformity. 

The muscle testing described in this book is directed 
towards examination of individual muscles insofar as is 
practical. The overlap of muscle actions, as well as the 
interdependence of muscles in movement, is well recog- 
nized by those involved in muscle testing. Because of 
this close relationship in functions, accurate testing of 
individual muscles requires strict adherence to the 


fundamental principles of muscle testing and rules of 
procedure. 

Fundamental components of manual muscle testing 
are test performance and evaluation of muscle strength 
and length. To become proficient in these procedures 
one must possess a comprehensive and detailed knowl- 
edge of muscle function. This knowledge must include 
an understanding of joint motion because length and 
strength tests are described in terms of joint movements 
and positions. It must also include knowledge of the ag- 
onistic and antagonistic actions of muscles and their role 
in fixation and in substitution. In addition, it requires the 
ability to palpate the muscle or its tendon, to distinguish 
between normal and atrophied contour, and to recognize 
abnormalities of position or movement. 


One who possesses a comprehensive knowledge of 
the actions of muscles and joints can learn the tech- 
niques necessary to perform the tests. Experience is nec- 
essary to detect the substitution movements that occur 
whenever weakness exists; and practice is necessary to 
acquire skill for performing length and strength tests, 
and for accurately grading muscle strength. 

This book emphasizes the need to "get back to ba- 
sics" in the study of body structure and function. For 
musculoskeletal problems, accomplishing this entails a 
review of the anatomy and function of joints, and of the 
origins, insertions and actions of muscles. It includes an 
understanding of the fundamental principles upon which 
evaluation and treatment procedures are based. 

As a textbook, it stresses the importance of muscle 
tests, postural examinations, assessment of objective 
findings, musculoskeletal evaluation, and treatment. In a 
condition that is primarily musculoskeletal, the evalua- 
tion may constitute and determine a diagnosis. In a con- 
dition not primarily musculoskeletal, the evaluation may 
contribute to a diagnosis. 
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OBJECTIVITY IN MUSCLE TESTING 


OBJECTIVITY AND RELIABILITY 
IN MUSCLE TESTING 


There is increasing demand for objectivity regarding 
muscle testing measurements. With the high cost of 
medical care, the economics of reimbursement requires 
documentation that improvement has resulted from 
treatment. There is a demand for numbers as proof. The 
more gradual the improvement, the more important the 
numbers become so that even minimal changes can be 
documented. 

Many advocate the use of instrumentation to elimi- 
nate the subjective component of manual muscle tests. 
Several questions, however, have not yet been adequately 
answered. To what extent can the subjectivity inherent in 
manual muscle testing be eliminated by the use of in- 
strumentation? How do new problems and variables in- 
troduced by instruments affect the accuracy, reliability 
and validity of muscle tests? 

The value of objective measurements obtained 
through the use of present-day machines must be 
weighed against their limited usefulness, cost and 
complexity. 

Length tests, if performed with precision, can pro- 
vide objective data through the use of simple devices 
such as goniometers to measure angles, and rulers or 
tape measures to measure distance. 

Strength tests cannot rely on such simple devices. 
The problems are very different when measuring 
strength. Objectivity is based on the examiner's ability 
to palpate and observe the tendon or muscle response in 
very weak muscles, and to observe the capability of a 
muscle to move a part through partial or full range of 
motion in the horizontal plane, or to hold the part in an 
antigravity position. 

Visual evidence of objectivity extends to an ob- 
server as well as to the examiner. An observer can see a 
tendon that becomes prominent (i.e., a trace grade), 
movement of the part in the horizontal plane (i.e., a poor 
grade), and a part being held in an antigravity position 
(i.e., a fair grade). Even the fair+ grade, which is based 
on holding the antigravity position against slight pres- 
sure by the examiner, is easy to identify. For these grades 
of strength, mechanical devices are not applicable or 
necessary as aids to obtain objectivity. 

The grades of strength that remain are the good and 
normal grades, as identified in manual muscle testing. In 






addition, a wide range of strength is measured above the 
grade of normal. To the extent that determining the higher 
potentials of muscle strength is necessary, useful, and 
cost-effective, machines may play a role. 

Under controlled research conditions, isokinetic 
machines can help in obtaining valuable information. At 
present, however, their usefulness in the clinic is lim- 
ited. Problems occur both in testing muscle strength and 
in exercising. One problem with machines is providing 
adequate stabilization to control variables and to ensure 
the standardization of testing techniques. Tests by ma* 
chines lack specificity and substitution occurs. In ad- 
dition to the high cost of the machines, setting up pa- 
tients is time-consuming; both are important factors 
when considering cost-effectiveness of the testing pro- 
cedures. 


It is generally agreed that tests done by the same 
examiner are the most reliable. Interestingly, the same 
holds true for numerous testing devices that have no 
"subjective" component. For example, many institutions 
require that successive bone-density scans always be 
done on the same machine. Too much variability occurs 
between similar machines to accurately track an indi- 
vidual's progress. Different machines of the same make 
and model are unable to produce reliable and compara- 
ble results. Even on the same machine an accuracy vari- 
ant of up to or more than 3% can be found (Dr. David 
Zackson, personal communication, 2004). 


Electromyography (EMG) is another important re- 
search tool, but its usefulness in muscle strength testing 
is questionable. According to Gregory Rash, "EMG data 
cannot tell us how strong the muscle is, if one muscle is 
stronger than another muscle, if the contraction is a con- 
centric or eccentric contraction, or if the activity is un- 
der voluntary control by the individual" (1). 

The search continues for a suitable handheld device 
that can provide objective data regarding the amount of 
force that is used during manual muscle strength testing. 
The problem with a handheld device is that it comes 
between the examiner and the part being tested. It also 
interferes with use of the examiner's hand. The exam- 
iner's hand must not be encumbered for positioning the 
part, for controlling the specific direction of pressure, 
and for applying pressure with the fingers, palm, or 
whole hand as needed. (Someday, there may be a glove 
that is sensitive enough to register pressure without in- 
terfering with the use of the hand.) 
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Handheld devices measure the amount of force ex- 
erted manually by the examiner. They are not suitable 
for measuring the higher levels of maximum effort by 
the subject. 

With many different types of dynamometers on the 
market, it is almost impossible to standardize tests or to 
establish the reliability of tests. The introduction of new 
and "better" devices further complicates and compro- 
mises all previous testing procedures. The statement by 
Alvin Toffler that "[ujnder today's competitive condi- 
tions, the rate of product innovation is so swift that al- 
most before one product is launched the next generation 
of better ones appears" may well apply to this as well as 
other fields (2). 

A review of the literature regarding dynamometers 
reveals some of the problems associated with the use of 
these devices. A study of intertester reliability concluded 
that "the handheld dynamometer shows limited reliabil- 
ity when used by two or more testers" (3). Two studies 
have demonstrated good intratester reliability using 
handheld dynamometers (4, 5). However, "hand-held 
dynamometers . . . may underestimate a patient's true 
maximal isometric strength, due to difficulties in stabi- 
lization of the device" (6). 

Examiner strength presents another variable in hand- 
held dynamometer reliabilities. Work by Marino et al. 
identified examiner strength as the reason for discrep- 
ancy between two examiners testing hip abductor 
strength (7). The examiner's strength affects the stabil- 
ity of the handheld dynamometer when used with 





OBJECTIVITY IN MUSCLE TESTING 


stronger subjects (5). This problem was also related to 
gender differences by Mulroy et al. The subject's maxi- 
mal knee extension force, measured by a handheld 
dynamometer, was accurate only for the male examiner 
testing female patients (8). 

It is evident that the variety of devices used and the 
many variables involved preclude the establishment of 
norms for muscle grading. According to Jules Rothstein, 
"there may be a danger that fascination with new tech- 
nology will lead to the clouding of sound clinical judg- 
ment" (9). 

After a decade of scientific review, Newton and 
Waddell concluded that the "judgment of the clinician 
appears to be more accurate in determining effort of 
the patient, than evaluating the results from the ma- 
chines" (10). 

As tools, our hands are the most sensitive, fine- 
tuned instruments available. One hand of the examiner 
positions and stabilizes the part adjacent to the part be- 
ing tested. The other hand determines the pain-free range 
of motion, guides the tested part into precise test posi- 
tion, and gives the appropriate amount of pressure to de- 
termine strength. All the while, this instrument we call 
the hand is hooked up to the most marvelous computer 
ever created—the human mind—which can store valu- 
able and useful information on the basis of which judg- 
ments about evaluation and treatment can be made. Such 
information contains objective data that are obtained 
without sacrificing the art and science of manual muscle 
testing to the demand for objectivity. 





HISTORICAL NOTE 


In 1941, while engaged in a research study for the Foundation for Infantile Paralysis, the sen- 
ior author of this text designed a handheld device to measure the force applied by the exam- 
iner during manual muscle testing. The Foundation turned over the design to Dr. W. Beasley 
in Washington, D.C., who made a prototype. One year later, this device was presented at a 
symposium on polio. Figure A shows the pressure-sensitive pad in the palm of the hand from 
which force was transmitted to the gauge on the dorsum of the hand, shown in Figure B. This 
may have been one of the first handheld dynamometers. 
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| CLASSIC KENDALL 


One of the unique features of this text is the preservation of more than half a century 
of postural analyses and the careful evaluation of muscle balance as it relates to func- 
tion and pain. Many of the photographs provide outstanding historic examples of pos- 
tural faults that are genuine rather than posed. 

It is essential that every practitioner develop effective problem-solving skills that 
will result in choosing and performing appropriate and accurate tests to provide mean- 
ingful data for the establishment of a successful treatment plan. Anatomy has not 
changed, but time constraints in some current practice settings have resulted in testing 
"shortcuts" that can lead to an incorrect diagnosis. 

The Kendalls were early pioneers in performing clinical research as part of their con- 
tinual quest for knowledge regarding how muscle length and weakness relate to painful 
conditions. A study performed in the early 1950s compared hundreds of "normal" sub- 
jects—cadets, physicians, physical therapists and student nurses (age range, 18-40 
years)—with patients who had low back pain (LBP). That study led to a better under- 
standing of common muscle imbalances in the general population as compared to those 
in patients with LBP. In addition, it helped to define the differences in these imbalances 


between males and females. The data from this clinical study are included in the table 
below. 












































Male (% [n]) Female (46 [n]) 
-l —— 
100 LBP | 307 Student 50 Physical 100 LBP 
Patients 36 Physicians 275 Cadets Case Findings Nurses | Therapists Patients 
58% (58) | 2596 (9) 5% (14) Weakness in | 44% (135) 52% (26) 81% (81) 
| | "upper" anterior 
| | abdominals 
| 69% (69) | 31% (11) | 33% (91) | Weakness in | 79% (243) 72% (36) 96% (96) 
| | "lower" anterior 
abdominals 
H —- MT LL 4 4 
| 71% (71) 45% (16) 10% (28) Limitation of 5% (15) 10% (5) 48% (48) 
| forward flexion 
| alts SE Е 
| 71% (71) | 77% (28) | 26% (72) Right gluteus 40% (123) 76% (38) 90% (90) 
| | i 
| | | medius weakness | a 
15% (15) 3% (1) | 5% (14) | Left gluteus 5.5% (17) 1096 (5) 6% (6) 
| medius weakness | | 
0% (0) | 0% (0) | 0.3% (1) Bilateral gluteus 5.5% (17) 0% (0) 12% (12) 
| | medius weakness 
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The musculoskeletal system is composed of striated 
muscles, various types of connective tissue and the 
skeleton. This system provides the essential components 
for strength, flexibility and stability in weight bearing. 

The bones of the skeleton are joined together by 
ligaments, which are strong, fibrous bands or sheets of 
connective tissue. They are flexible but not extensible. 
Some ligaments limit motion to such an extent that the 
joint is immovable; some allow freedom of movement. 
Ligaments are classified as capsular, extracapsular 
and intracapsular. They contain nerve endings that are 
important in reflex mechanisms and in the perception 
of movement and position. Ligaments may differ from 
the standpoint of mechanical function. For example, a 
collateral ligament is an extracapsular type that re- 
mains taut throughout the range of joint motion, 
whereas a cruciate ligament (as in the knee joint) be- 
comes slack during some movements and taut during 
others. 


Skeletal muscle fibers are classified primarily into 
two types: type I (red slow twitch) and type II (white fast 
twitch). The two types of fibers are intermingled in most 
muscles. Usually, however, one type predominates, with 
the predominant type depending on the contractile prop- 
erties of the muscle as a whole. Type I fibers seem to 
predominate in some postural muscles, such as the erec- 
tor spinae and soleus. Type II fibers often predominate 
in limb muscles, where rapid, powerful forces are 
needed. Variability does occur, however, in these ratios 
in the population, especially as related to development 
and aging. 








MUSCULOSKELETAL SYSTEM 


Skeletal muscles constitute approximately 40% of 
body weight and are attached to the skeleton by aponeu- 
roses, fasciae, or tendons. 

Aponeuroses are sheets of dense connective tissue 
and are glistening white in color. They furnish the broad 
origins for the latissimus dorsi muscles. The external 
and internal oblique muscles are attached to the linea 
alba by means of aponeuroses. The palmaris longus in- 
serts into and tenses the palmar aponeurosis. 

Fascia is of two types: superficial, which lies be- 
neath the skin and permits free movement of the skin, 
and deep, which envelopes, invests and separates mus- 
cles. Some deep fascia furnish attachments for muscles. 
For example, the iliotibial tract is a strong band of deep 
fasciae that provides attachments for the tensor fasciae 
latae into the tibia and for the gluteus maximus into the 
femur and tibia. The thoracolumbar fascia furnishes at- 
tachment for the transversus abdominis. 


Tendons are white, fibrous bands that attach mus- 
cles to bones. They have great tensile strength but are 
practically inelastic and resistant to stretch. Tendons have 
few blood vessels but are supplied with sensory nerve 
fibers that terminate in organs of Golgi near the muscu- 
lotendinous junction. In injuries that involve a severe 
stretch, the muscle most likely is affected, and sometimes 
the tendinous attachment to the bone is affected. For ex- 
ample, the peroneus brevis attachment at the base of the 
fifth metatarsal may be disrupted in an inversion injury 
of the foot. Tendons can also rupture. When the Achilles 
tendon ruptures, there is retraction of the gastrocnemius 
and soleus muscles with spasm and acute pain. 


Medical portal MedWedi.ru 









JOINTS: DEFINITIONS AND 
CLASSIFICATION 


JOINTS 


Stedman's Concise Dictionary defines a joint as follows: 


Joint in anatomy, the place of union, usually more or 
less movable, between two or more bones.... and clas- 
sified into three general morphologic types: fibrous 
joints, cartilaginous joints, and synovial joints (11). 


In this edition, the following definition adheres to 
the meaning as stated above with the addition of how the 
joints are named: 


Joint is defined as a skeletal, bone to bone connection, 
held together by fibrous, cartilaginous or synovial tissue. 
Joints are named according to the bones mat are held to- 
gether. 


For some joints, the bones are held so close to- 
gether that no appreciable motion occurs. They provide 
great stability. Some joints provide stability in one 


direction and freedom of motion in the opposite direc- 
tion, and some provide freedom of motion in all 
directions. 

Joints that provide little or no movement are those 
that hold the two sides of the body together. The sagit- 
tal suture of the skull is considered to be an immovable 
joint, held together by a strong fibrous membrane. The 
sacroiliac joint and the symphysis pubis are considered 
to be slightly movable and are held together by strong 
fibrocartilaginous membranes. 

Most joints fall into the category of freely movable 
joints held together by synovial membranes. The elbow 
and knee joints are essentially hinge joints. The structure 
of the joint surfaces and the strong lateral and medial lig- 
aments limit sideways movements, and posterior ligaments 
and muscles limit extension. Hence, there is stability and 
strength in the extended position. In contrast, the shoulder 
joints are movable in all directions and have less stability. 


LL Se Se 


CLASSIFICATION OF JOINTS 
According to Type of " 
Tissue | Е Joint E Movement Example 
Fibrous Synarthrosis Syndesmosis ..  . Immovable Tibiofibular (distal) 
Sutura = .. Immovable ... Suture of skull 
| се ae | Gomphosis .. Immovable Tooth in bony socket 
Cartilaginous Amphiarthrosis Synchondrosis Slightly movable First sternocostal 
Ea | Symphysis . Slightly movable Symphysis pubis 
Synovial Diarthrosis Spheroid or balland-socket ^ AIljoint movements ^ ^ Shoulder and hip 
Ginglymus Hexion and extension | Elbow 
Modified ginglymus Flexion, extension, and Knee and ankle 
і bi .. slight rotation 
Ellipsoid or condyloid All except rotation and Metacarpopha- 
opposition langeal and metatar- 
а Е sophalangeal 
Trochoid or pivot Supination, pronation, Atlantoaxial and 
and rotation _ radioulnar 
Resale or AH except rotation Calcaneocuboid and 
_ saddle carpometacarpal 
Plane or gliding Gliding Head of fibula with 


Combined ginglymus and | 
idin, 


E 


Flexion, extension, 
and gliding 


lateral condyle of 
tibia 
Temporomandibular 


————————— ————— ÀÁÀ ÉÓ— M  ÉÁÉÁÁÁ LÀ ÉÁÉÉÉ—— — 
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TYPES OF STRUCTURE 


The gross structure of muscle helps to determine muscle 
action and affects the way that a muscle responds to 
stretching. Muscle fibers are arranged in bundles called 
fasciculi. The arrangement of fasciculi and their attach- 
ments to tendons varies anatomically. Two main divi- 
sions are found in gross structure: fusiform (or spindle) 
and pennate. A third arrangement, fan-shaped, is proba- 
bly a modification of the other two but has a distinct sig- 
nificance clinically. 

In fusiform structure, fibers are arranged essentially 
parallel to the line from origin to insertions, and the fas- 
ciculi terminate at both ends of the muscle in flat ten- 
dons. In pennate structure, fibers are inserted obliquely 
into the tendon or tendons that extend the length of the 
muscle on one side (i.e., unipennate) or through the belly 
of the muscle (i.e., bipennate). 

In all probability, the long fusiform muscle is the 
most vulnerable to stretch. The joint motion is in the 
same direction as the length of the fiber, and each lon- 





GROSS STRUCTURE OF MUSCLE 


gitudinal component is dependent on every other one. 

The pennate muscles are probably the least vulner- 
able to stretch, both because the muscle fiber is oblique 
to the direction of joint motion and because the fibers 
and fasciculi are short and parallel and, thereby, are not 
dependent on other segments for continuity in action. 

The fan-shaped muscle has advantages and disad- 
vantages of both of the above. It might be thought of as 
a group of muscles arranged side by side to form a fan- 
shaped unit. Each segment is independent in that it has 
its own origin with a common insertion. For example, in 
the fan-shaped pectoralis major, the clavicular part may 
be unaffected but the sternal part paralyzed in a spinal 
cord lesion. 

According to Gray's Anatomy, the "arrangement of 
fasciculi is correlated with the power of the muscles. 
Those with comparatively few fasciculi, extending the 
length of the muscle, have a greater range of motion but 
not as much power. Penniform muscles, with a large 
number of fasciculi distributed along their tendons, have 
greater power but smaller range of motion" (14). 
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RANGE OF MOTION AND MUSCLE 
LENGTH TESTING 


RANGE OF JOINT MOTION AND 
RANGE OF MUSCLE LENGTH 


The phrases "range of joint motion" and "range of mus- 
cle length" have specific meanings. Range of joint mo- 
tion refers to the number of degrees of motion that are 
present in a joint. Descriptions of joints and the joint 
measurement charts include references to normal ranges 
of joint motion. Range of muscle length, also expressed 
in terms of degrees of joint motion, refers to the length 
of the muscle. 


For muscles that pass over one joint only, the range 
of joint motion and range of muscle length will measure 
the same. Both may be normal, limited, or excessive. 

In some instances, when measuring range of joint 
motion, it is necessary to allow the muscle to be slack 
over one joint to determine the full range of joint motion 
in the other. For example, when measuring the range of 
knee joint flexion, the hip is flexed to allow the rectus 
femoris to be slack over the hip joint and permit full 
range of joint motion at the knee. When measuring range 
of hip joint flexion, the knee is flexed to allow the ham- 
strings to be slack over the knee joint and permit full 
range of joint motion at the hip. 


MEASURING JOINT MOTION 
AND MUSCLE LENGTH 


It is easier and more accurate to use a measuring device 
that permits the stationary arm of the caliper to rest on 
the table and the examiner to place the movable arm in 
line with or parallel to the axis of the humerus or femur, 
as the case may be. The fulcrum will be shifted to per- 
mit this change, but the angle will remain the same—as 
if the stationary arm were held parallel to the table along 
the trunk in line with the shoulder joint or hip joint. 


CORRELATION BETWEEN JOINT 
RANGE AND MUSCLE LENGTH 


An interesting correlation exists between the total range 
of joint motion and the range of muscle length chosen 
as a standard for hamstring and hip flexor length tests. 
In each case, the muscle length adopted as a standard is 
approximately 8046 of the total range of joint motion of 
the two joints over which the muscles pass. 


The following are the joint ranges considered to be 
normal: 


Hip—10° extension, 125? flexion, for a total 
of 135? 


Knee—0° extension, 140? flexion, for a total 
of 140° 


Total of both joints—275? 


Hip Flexor Length Test Used as a Standard: Supine, 
with the low back and sacrum flat on the table, hip joint 
extended, and hip flexors elongated 135? over the hip 
joint. With the knee flexed over the end of the table at 
an angle of 80°, the two-joint hip flexors are elongated 
80° over the knee joint, for a total of 215°. Thus, 215° 
divided by the 275° is 78.18%, and range of muscle 
length is 78% of total joint range. 


Hamstring Length Test Used as a Standard: Supine, 
with the low back and sacrum flat on the table and 
straight-leg raising to an 80° angle with table. Ham- 
strings are elongated 140° over the knee by full exten- 
sion and 80° over the hip joint by the straight-leg rais- 
ing, for a total of 220°. Thus, 220° divided by 275° is 
80%, and range of muscle length is 80% of total joint 
range. 


MUSCLE LENGTH TESTS 


Muscle length tests are performed to determine whether 
the range of muscle length is normal, limited, or exces- 
sive. Muscles that are excessive in length are usually 
weak and allow adaptive shortening of opposing mus- 
cles; muscles that are too short are usually strong and 
maintain opposing muscles in a lengthened position. 

Muscle length testing consists of movements that 
increase the distance between origin and insertion, 
thereby elongating muscles in directions opposite those 
of the muscle actions. 

Accurate muscle length testing usually requires that 
the bone of origin be in a fixed position while the bone 
of insertion moves in the direction of lengthening the 
muscle. Length tests use passive or active-assisted 
movements to determine the extent to which a muscle 
can be elongated. 


PASSIVE INSUFFICIENCY I 
As defined by O'Connell and Gardner: 


Passive insufficiency of a muscle is indicated whenever a 
full range of motion of any joint or joints that the muscle 
crosses is limited by that muscle's length, rather than by 
the arrangement of ligaments or structures of the joint it- 
self (12). 


As defined by Kendall et al. 


Passive insufficiency. Shortness of a two-joint (or multi- 
joint) muscle; the length of the muscle is not sufficient to 
permit normal elongation over both joints simultaneously. 
e.g., short hamstrings (13). 


> 


Note: By both definitions, the term passive insuf- 
ficiency refers to lack of muscle length. In contrast, 
the term active insufficiency refers to lack of mus- 
cle strength. 
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CLASSIFICATION FOR STRENGTH TESTS 


ACTIVE INSUFFICIENCY 


As defined by O'Connell and Gardner: 


If a muscle which crosses two or more joints produces 
simultaneous movement at all of the joints that it crosses, 
it soon reaches a length at which it can no longer gener- 
ate a useful amount of force. Under these conditions, the 
muscle is said to be actively insufficient. An example of 
such insufficiency occurs when one tries to achieve full 
hip extension with maximal knee flexion. The two-joint 
hamstrings are incapable of shortening sufficiently to pro- 
duce a complete range of motion of both joints simulta- 


neously (12). 
As defined by Kendall et al.: 


Active insufficiency. The inability of a Class III or IV 
two-joint (or multijoint) muscle to generate an effective 


force when placed in a fully shortened position. The same 
meaning is implied by the expression "the muscle has 
been put on a slack" (13). 


The two definitions above only apply to two-joint 
or multijoint muscles. However, the statement that 
one-joint muscles exhibit their greatest strength at 
completion of range of motion has appeared in all 
four editions of Kendall's Muscles: Testing and 
Function. Knowing where the muscle exhibits its 
greatest strength in relation to the range of motion is 
of utmost importance for determining test position. 
After careful analysis, it is evident that there are four 


classifications. 


TEST FOR STRENGTH—CLASS I & Il: 
AT END RANGE WITH MAXIMAL SHORTENING OF MUSCLE 


Class | 


One-joint muscles that actively shorten (i.e., concentric 
contraction) through range to completion of joint mo- 
tion and exhibit maximal strength at completion of range 
(1.е., short and strong). 


Examples: Triceps, medial and lateral heads; deltoid; 
pectoralis major; three one-joint thumb muscles; gluteus 
maximus; iliopsoas; and soleus. 


Class 11 


Two-joint and multijoint muscles that act like one-joint 
muscles by actively shortening over both or all joints si- 
multaneously and exhibiting maximal strength at com- 
pletion of range (i.e., short and strong). 


Examples: Sartorius, tibialis anterior and posterior, and 
peroneus longus, brevis, and tertius. 


TEST FOR STRENGTH—CLASS Ill & IV: 
AT MIDRANGE OF OVERALL LENGTH OF MUSCLE 


Class Ill 


Two-joint muscles that shorten over one-joint and 
lengthen over the other to provide midrange of the over- 
all muscle length for maximal contraction and strength 
(as represented by the length-tension curve). 


Examples: Rectus femoris, hamstrings, and gastrocne- 
mius. 


Class IV 


Two-joint or multijoint muscles that physiologically act 
in one direction but are prevented from overshortening 
by the coordinated action of synergic muscles. 


Example of Two-Joint Muscle: The biceps act to flex 
the shoulder joint and the elbow joint. If acting to flex 


both joints simultaneously, the muscle would become 
overshortened. To prevent this, the shoulder extensors, 
as synergists, extend the shoulder joint, thereby length- 
ening the biceps over the shoulder joint when the elbow 
is maximally flexed by the biceps. 


Example of Multijoint Muscle: If acting in one direc- 
tion by flexing the wrists and fingers simultaneously, the 
finger flexors and extensors would overshorten and be- 
come actively insufficient. Nature, however, prevents 
this from happening. In forceful flexion of fingers, such 
as when making a fist, the flexors shorten over the fin- 
ger joints but are prevented from shortening over their 
entire length by the synergic action of wrist extensors 
that hold the wrist in moderate extension, thereby length- 
ening the flexors over wrist joint for them to forcefully 
shorten over the finger joints. 
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STRENGTH TESTING PROCEDURES 









BASIC RULES OF PROCEDURE THAT APPLY TO MUSCLE STRENGTH TESTING 


Place the subject in a position that offers the best fixation of the body as a whole 
(usually supine, prone, or side-lying). 

Stabilize the part proximal to the tested part or, as in the case of the hand, adjacent to 
the tested part. Stabilization is necessary for specificity in testing. 


Place the part to be tested in precise antigravity test position, whenever appropriate, to 
help elicit the desired muscle action and aid in grading. 


Use test movements in the horizontal plane when testing muscles that are too weak to 
function against gravity. Use test movements in antigravity positions for most 
trunk muscle tests in which body weight offers sufficient resistance. 

Apply pressure directly opposite the line of pull of the muscle or the muscle segment 


being tested. Like the antigravity position, the direction of pressure helps to elicit 
the desired muscle action. 


Apply pressure gradually but not too slowly, allowing the subject to "get set and hold." 
Apply uniform pressure; avoid localized pressure that can cause discomfort. 


Use a long lever whenever possible, unless contraindicated. The length of the lever is 
determined by the location of the pressure along the lever arm. Better discrimina- 
tion of strength for purposes of grading is obtained through use of a long lever. 


Use a short lever if the intervening muscles do not provide sufficient fixation for use 





of a long lever. 








The order in which muscles are tested is largely a 
matter of choice, but it generally is arranged to avoid 
frequent and unnecessary changes of position for the 
subject. Muscles that are closely related in position or 
action tend to appear in a testing order in sequence in 
order to distinguish test differences. As a general rule, 
length testing precedes strength testing. When the spe- 
cific order of tests is important, it is so indicated in the 
text. (See suggested order of muscle tests, p. 18.) 


TERMS USED IN DESCRIPTION 
OF MUSCLE STRENGTH TESTS 


Descriptions of the muscle tests in Chapters 4 through 7 
are presented under the headings of Patient, Fixation, 
Test, and Pressure. This chapter discusses each of these 
topics in detail to point out its particular significance in 
relation to accurate muscle testing. 


Patient 


In the description of each muscle test, this heading is 
followed by the position in which the patient is placed 
to accomplish the desired test. The position is important 
in relation to the test in two respects. First, insofar as 
practical, the position of the body should permit func- 
tion against gravity for all muscles in which gravity is a 
factor in grading. Second, the body should be placed in 
such a position that the parts not being tested will re- 
main as stable as possible. (This point is discussed fur- 
ther under Fixation.) 


In all muscle testing, the comfort of the patient and 
the intelligent handling of affected muscles are impor- 
tant factors. In some instances, the comfort of the patient 
or the condition of the affected muscles will necessitate 
some modification of the test position. For example, in- 
sisting on an antigravity position may result in absurd 
positioning of a patient. Side-lying, which offers the best 
test position for several muscles, may be uncomfortable 
and result in strain of other muscles. 


Fixation 


This heading refers to the firmness or stability of the 
body or body part, which is necessary to insure an ac- 
curate test of a muscle or muscle group. Stabilization 
(i.e., holding steady or holding down), support (i.e., 
holding up), and counterpressure (i.e., equal and oppo- 
site pressure) are all included under fixation, which im- 
plies holding firm. Fixation will be influenced by the 
firmness of the table, body weight, and in some tests, the 
muscles that furnish fixation. 

Adequate fixation depends, to a great extent, on the 
firmness of the examining table, which offers much of 
the necessary support. Testing and grading of strength 
will not be accurate if the table on which the patient lies 
has a thick, soft pad or soft mattress that "gives" as the 
examiner applies pressure. 

Body weight may furnish the necessary fixation. 
Because the weight of the body is an important factor in 
offering stability, the horizontal position, whether supine, 
prone, or side-lying, offers the best fixation for most 
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tests. In the extremities, the body part that is proximal to 
the tested part must be stable. 

The examiner may stabilize the proximal part in tests 
of finger, wrist, toe and foot muscles, but in other tests, 
the body weight should help to stabilize the proximal 
part. In some instances, the examiner may offer fixation 
in addition to the weight of the proximal part. There may 
be a need to hold a part firmly down on the table so that 
the pressure applied on the distal part (plus the weight of 
that part) does not displace the weight of the proximal 
part. In rotation tests, it is necessary for the examiner to 
apply counterpressure to ensure exact test performance. 
(See pp. 321,322, 429, 431.) 

In some tests, muscles furnish fixation. The muscles 
that furnish fixation do not cross the same joint or joints 
as the muscle being tested. The muscles that stabilize the 
scapula during arm movements and the pelvis during leg 
movements are referred to as fixation muscles. They do 
not enter directly into the test movement, but they do 
stabilize the movable scapula to the trunk or the pelvis 
to the thorax and, thereby, make it possible for the tested 
muscle to have a firm origin from which to pull. In the 
same way, anterior abdominal muscles fix the thorax to 
the pelvis as anterior neck flexors act to lift the head for- 
ward in flexion from a supine position. (See p. 180 re- 
garding action of opposite hip flexors in stabilizing the 
pelvis during hip extension.) 


Muscles that have an antagonistic action give fixa- 
tion by preventing excessive joint movement. This prin- 
ciple is illustrated by the fixation that the lumbricales 
and interossei provide in restricting hyperextension at 
the metacarpophalangeal joint during finger extension. 
In the presence of weak lumbricales and interossei, the 
pull of a strong extensor digitorum results in hyperex- 
tension of these joints and passive flexion of the inter- 
phalangeal joints. This hyperextension does not occur, 
however, and the fingers can be extended normally if the 
examiner prevents hyperextension of the metacarpopha- 
langeal joints by fixation equivalent to that of the lum- 
bricales and interossei. (See bottom, p. 274.) 

When the fixation muscles are either too weak or 
too strong, the examiner can simulate the normal stabi- 
lization by assisting or restricting movement of the part 
in question. The examiner must be able to differentiate 
between the normal action of these muscles in fixation 
and the abnormal actions that occur when substitution or 
muscle imbalance is present. 





Strength Testing 


In muscle testing, weakness must be distinguished from 
restriction of range of motion. Frequently, a muscle can- 
not complete the normal range of joint motion. It may 
be that the muscle is too weak to complete the move- 
ment, or it may be that the range of motion is restricted 
because of shortness of the muscles, capsule, or liga- 
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STRENGTH TESTING PROCEDURES 


mentous structures. The examiner should passively carry 
the part through the range of motion to determine 
whether any restriction exists. If no restriction is pres- 
ent, then failure by the subject to hold the test position 
may be interpreted as weakness unless joint or tendon 
laxity is present. 

When testing one-joint muscles in which the ability 
to hold the part at completion of range of motion is ex- 
pected, the examiner must distinguish between muscle 
weakness and tendon insufficiency. For example, the 
quadriceps may be strong but unable to fully extend the 
knee because the patellar tendon or quadriceps tendon 
has been stretched. 

Muscle examinations should take into account such 
superimposed factors as relaxed, unstable joints. The de- 
gree of actual muscle weakness is difficult to judge in 
such cases. From the standpoint of function, the muscle 
is weak and should be so graded. When the muscle ex- 
hibits a strong contraction, however, it is important to 
recognize this as the potential for improvement. In a 
muscle that fails to function because of joint instability 
rather than because of weakness of the muscle itself, 
treatment should be directed at correcting the joint prob- 
lem and relieving strain on the muscle. Instances are not 
uncommon in which the deltoid muscle shows a "full- 
ness" of contraction throughout the muscle belly yet 
cannot begin to lift the weight of the arm. Such a mus- 
cle should be protected from strain by application of an 
adequate support for the express purpose of allowing the 
joint structures to shorten to their normal position. Fail- 
ure to distinguish between real and apparent muscle 
weakness resulting from joint instability may deprive a 
patient of adequate follow-up treatment. 


Test Position 


Test position is the position in which the part is placed 
by the examiner and held (if possible) by the patient. It 
is the position used for the purpose of evaluating strength 
for most muscles. 

The optimal test position is at the completion of 
range for one-joint muscles and for two or multijoint 
muscles that act like one-joint muscles. The optimal test 
position for other two or multijoint muscles is at midrange 
of overall length, in accordance with the length-tension 
principle. (See classifications, p. 13.) 

Test position (as opposed to test movement) offers 
the advantages of precision in positioning and accuracy 
in testing. In addition, the examiner can determine im- 
mediately whether any limitation of motion exists by 
moving the part through the existing range of motion to 
the test position. 

Use of the test position also enables the examiner to 
detect substitution movements. When muscle weakness 
exists, other muscles immediately substitute in an at- 
tempt to hold a position resembling the test position. 
















STRENGTH TESTING PROCEDURES 


The visible shift from the test position indicates a sub- 
stitution movement. 


Placing the part in the test position expedites grad- 
ing the muscle strength. As the effort is made to hold 
the test position, the ability or inability to hold the posi- 
tion against gravity is at once established. If it fails to 
hold, the examiner tests for strength below the fair grade: 
If the position is held, the examiner then applies pres- 
sure to grade above fair. (See Key to Muscle Grading, 
p. 23.) 


Test Movement 


Test movement is a movement of the part in a specified di- 
rection and through a specific arc of motion. For strength 
tests of extremity muscles that are too weak to act against 
gravity (i.e., muscles that grade in the range of poor), tests 
are done in the horizontal plane. Test movement is also 
used when testing the trunk lateral flexors, upper abdomi- 
nal flexors, back extensors, quadratus lumborum, serratus 
anterior (in standing), and gastrocnemius. 


Test movement may be used for certain muscles, 
such as those that cross hinge joints, but it is not practi- 
cal when a test requires a combination of two or more 
joint positions or movements. It is difficult for a patient 
to assume the exact position through verbal instruction 
or imitating a movement demonstrated by the examiner. 
For accurate testing, the examiner should place the part 
in precisely the desired test position. 


Pressure and Resistance 


The term pressure* is used throughout this text to refer 
to the external force that is applied by the examiner to 
determine the strength of the muscle holding in the test 
position (i.e., for grades of F+ or better). 

The term resistance refers to the external force that 
opposes the fest movement. The resistance may be the 
force of gravity or a force that is supplied by the exam- 
iner. Resistance may vary according to body weight (i.e., 
back extensor test), arm position (i.e., upper abdominal 
test), or leg positions (i.e., lower abdominal test). Occa- 
sionally, the examiner may offer resistance. An example 
of this is the traction the examiner provides in the quad- 
ratus lumborum test. 

The placement, direction, and amount of pressure 
are important factors when testing for strength above the 
grade of fair. 

In the descriptions of muscle tests, pressure is spec- 
ified as against or in the direction of. Against refers to 


*Use of the term pressure in this text is not the physics definition (i.e.. 
force per unit area;. 


the position of the examiner's hand in relation to the pa- 
tient; in the direction of describes the direction of the 
force that is applied directly opposite the line of pull of 
the muscle or its tendon. 

In some of the illustrations of muscle tests, the 
examiner's hand has been held extended for the pur- 
pose of indicating, photographically, that the direction 
of pressure is perpendicular to the palmar surface of 
the hand. Pressure should be applied only in the direc- 
tion indicated. (It is not necessary that the exten- 
ded hand position be imitated during routine muscle 
testing.) An extended hand is not appropriate when ap- 
plying pressure in a test that includes a rotation 
component. 

Just as the direction of the pressure is an important 
part of accurate test performance, the amount of pres- 
sure is the determining factor in grading strength above 
fair. (See Grading, p. 20, for further discussion related 
to amount of pressure.) 


The place at which the pressure is applied depends 
on muscle insertions, strength of intervening muscles, 
and leverage. As a general rule, pressure is applied near 
the distal end of the part on which the muscle is inserted. 
For example, pressure is applied near the distal end of 
the forearm during the biceps test. Exceptions to this 
rule occur when pressure on the bone of insertion does 
not provide adequate leverage to obtain discrimination 
for grading. 

Both the length of the lever and the amount of pres- 
sure are closely related with respect to grading above 
fair. Using a long lever gives the examiner a mechanical 
advantage and allows more sensitive grading of muscle 
strength. 

Test results might be more indicative of the lack of 
strength of the examiner than of the subject if the ex- 
aminer did not have the advantage of leverage. 

When testing strong muscles like hip abductors, it 
is necessary to use a long lever (i.e., placing pressure 
just proximal to the ankle). When testing hip adductors, 
however, it is necessary to use a shorter lever, with pres- 
sure just above the knee joint, to avoid strain on the an- 
teromedial area of that joint. 

Pressure must be applied gradually to determine 
the degree of strength above fair in muscles. The pa- 
tient must be allowed to get set and hold the test posi- 
tion against the examiner's pressure. The examiner can- 
not gauge the degree of strength unless pressure is 
applied gradually, because slight pressure that is ap- 
plied suddenly can "break" the pull of a strong muscle. 
Grading strength involves a subjective evaluation based 
on the amount of pressure applied. Differences in 
strength are so apparent, however, that an observer who 
understands grading can estimate the strength with a 
high degree of accuracy while watching the examiner 
apply pressure. 
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Substitution 


Substitution results from one or more muscles attempt- 
ing to compensate for the lack of strength in another 
muscle or group of muscles. Substitution is a good indi- 
cation that the tested muscle is weak, that adequate fix- 
ation has not been applied, or that the subject has not 
been given adequate instruction concerning how to per- 
form the test. Muscles that normally act together in 
movements may act in substitution. These include fixa- 
tion muscles, agonists and antagonists. 


Substitution by fixation muscles occurs specifically 
in relation to movements of the shoulder joint and the 
hip joint. Muscles that move the scapula may produce a 
secondary movement of the arm; muscles that move the 
pelvis may produce a secondary movement of the thigh. 
These substitution movements appear similar to—but 
are not—movements of the shoulder or hip joint. 

The close relationship of muscles determines their 
action in substitution, assistance, and stabilization dur- 
ing tests of individual muscles. The grouping of muscles 
according to joint action, as seen in the charts on pages 
254 and 255 and 366 and 367, has been done to aid the 
examiner in understanding the allied action of muscles. 

True abduction of the hip joint is accomplished by 
hip abductors with normal fixation by the lateral trunk 
muscles. When the hip abductors are weak, apparent ab- 
duction may occur by the substitution action of lateral 
trunk muscles. The pelvis is hiked up laterally, the leg is 
raised from the table, but no true hip joint abduction 
occurs. (See pp. 184 and 434.) 

Antagonists may produce movements similar to 
test movements. If finger flexors are weak, action of the 
wrist extensors may produce passive finger flexion by 
the tension placed on flexor tendons. 

Substitution by other agonists results in either a 
movement of the part in the direction of the stronger ag- 
onist or a shift of the body in a way that favors the pull 
of that agonist. For example, during the gluteus medius 
test in side-lying, the thigh will tend to flex if the tensor 
fasciae latae is attempting to substitute for the gluteus 
medius, or the trunk may rotate back so that the tensor 
fasciae latae can hold a position that appears to be the 
desired test position. 

For accurate muscle examinations, no substitutions 
should be permitted. The position or movement described 
as the test should be done without shifting the body or 
turning the part. Such secondary movements allow other 
muscles to substitute for the weak or paralyzed muscle. 

An experienced examiner who is aware of the ease 
with which normal muscles perform the tests will read- 
ily detect substitutions. When test position is employed 
instead of test movement, even an inexperienced exam- 
iner can detect the sudden shift of the body or the part 
that results from an effort to compensate for the muscle 
weakness. 
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Weakness, Shortness, and Contracture 


Included with the descriptions of the muscles in this text 
is a discussion of the loss of movement or the position 
of deformity that results from muscle weakness or mus- 
cle shortness. 

Weakness is used as an overall term that covers a 
range of strength from zero to fair in non weight-bearing 
muscles but also includes fair+ in weight-bearing mus- 
cles. Weakness will result in loss of movement if the 
muscle cannot contract sufficiently to move the part 
through partial or complete range of motion. 

A contracture or shortness will result in loss of mo- 
tion if the muscle cannot be elongated through its full 
range of motion. Contracture refers to a degree of short- 
ness that results in a marked loss of range of motion. 
Shortness refers to a degree of shortness that results in 
slight to moderate loss of range of motion. 

A fixed deformity usually does not exist as a result of 
weakness unless contractures develop in the stronger 
opponents. In the wrist, for example, a fixed deformity will 
not develop as a result of wrist extensor weakness unless 
the opposing flexors maintain the position of wrist flexion. 

A state of muscle unbalance exists when a muscle 
is weak and its antagonist is strong. The stronger of 
the two opponents tends to shorten, and the weaker 
of the two tends to elongate. Either weakness or short- 
ness can cause faulty alignment. Weakness permits a po- 
sition of deformity, but shortness creates a position of 
deformity. 

In some parts of the body, positions of deformity 
may develop as a result of weakness even though the op- 
posing muscles do not become contracted. Gravity and 
body weight exert opposing forces. A kyphotic position 
of the upper back may result from weakness of the up- 
per back muscles regardless of whether the anterior trunk 
muscles become contracted. A position of pronation of 
the foot may exist if the inverters are weak because the 
body weight in standing will distort the bony alignment. 
If opposing peroneal muscles become contracted, a fixed 
deformity will result. 

The word tight has two meanings. It may be used in- 
terchangeably with the term short, or it may be used to 
mean taut, in which case it may be applied to either a 
short or a stretched muscle. On palpation, hamstrings that 
are short and drawn taut will feel tight. Hamstrings that 
are stretched and drawn taut will also feel tight. From the 
standpoint of prescribing treatment, it is very important to 
recognize the difference between stretched muscles and 
shortened muscles. In addition, some muscles are short 
and remain in what appears to be a state of semicontrac- 
tion. On palpation, they feel firm or even rigid without be- 
ing drawn taut. For example, posterior neck and upper 
trapezius muscles often are tight in people with bad pos- 
ture of the upper back, head and shoulders. 
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SUGGESTED ORDER OF MUSCLE TESTS 


The order in which muscles are tested is largely a mat- 
ter of choice but generally arranged to avoid any unnec- 
essary changes of position for the subject. Muscles that 
are closely related in position or action tend to appear in 


sequence in order to distinguish test differences. When 
a specific order of tests is important, it is so indicated in 
the text. As a general rule, length testing precedes 
strength testing. 


—___. nm Ė————— 


SUGGESTED ORDER OF 
MUSCLE TESTS 


1. Supine 


Toe extensors 

Toe flexors 

Tibialis anterior 

Tibialis posterior 

Peroneals 

Tensor fasciae latae 

Sartorius 

Iliopsoas 

Abdominals 

Neck flexors 

Finger flexors 

Finger extensors 

Thumb muscles 

Wrist extensors 

Wrist flexors 

Supinators 

Pronators 

Biceps 

Brachioradialis 

Triceps (supine test) 
Pectoralis major, upper part 
Pectoralis major, lower part 
Pectoralis minor 

Medial rotators of shoulder (supine test) 
Teres minor and infraspinatus 
Lateral rotators of shoulder (supine test) 
Serratus anterior 

Anterior deltoid (supine test) 


2. Side-Lying 
Gluteus medius 


Gluteus minimus 
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Hip adductors 


Lateral abdominals 


3. Prone 


Gastrocnemius and plantaris 
Soleus 

Hamstrings, medial and lateral 
Gluteus maximus 

Neck extensors 

Back extensors 

Quadratus lumborum 
Latissimus dorsi 

Lower trapezius 

Middle trapezius 

Rhomboids 

Posterior deltoid (prone test) 
Triceps (prone test) 

Teres major 

Medial rotators of shoulder (prone test) 


Lateral rotators of shoulder (prone test) 


4. Sitting 


Quadriceps 

Medial rotators of hip 

Lateral rotators of hip 

Hip flexors (group test) 

Deltoid, anterior, middle, and posterior 
Coracobrachialis 

Upper trapezius 


Serratus anterior (preferred test) 


5. Standing 


Serratus anterior 
Ankle plantar flexors 


GRADING 


Grades represent an examiner's assessment of the 
strength or weakness of a muscle or a muscle group. In 
manual muscle testing, grading is based on a system in 
which the ability to hold the tested part in a given posi- 
tion against gravity establishes a grade referred to as fair 
or the numerical equivalent (depending on the grading 
symbols being used). The grade of fair is the most ob- 
jective grade because the pull of gravity is a constant 
factor. 

For grades above fair, pressure is applied in addition 
to the resistance offered by gravity. A break test is a 
muscle strength test to determine the maximal effort ex- 
erted by a subject who is performing an isometric con- 
traction as the examiner applies a gradual buildup of 
pressure to the point that the effort by the subject is 
overcome. It is used in determining grades of fair+ 
through good-h 

No effort is made to break the subject's hold if the 
examiner has determined that the strength is normal. To 
continue exerting force to make the muscle yield by per- 
forming a break test is unnecessary and may even be in- 
jurious. 

The symbols used in grading vary and include the 
use of words, letters, numbers or other signs. To avoid 
listing the equivalents each time this text refers to a 
grade, the symbols are used in the descriptions of grades 
below. 

Gravity is a form of resistance that is basic to man- 
ual muscle testing, and it is used in tests of the trunk, 
neck and extremity muscles. It is a factor, however, only 
in approximately 60% of the extremity muscles. It is not 
required in tests of finger and toe muscles, because the 
weight of the part is so small in comparison with the 
strength of the muscle that the effect of gravity on the 
part is negligible. Supination and pronation of the fore- 
arm are movements of rotation in which the effect of 
gravity is also not a significant factor. 

Testing muscles that are very weak involves move- 
ments in the horizontal plane on a supporting surface 
where the resistance by gravity is decreased. To avoid 
use of phrases such as "gravity-lessened," "gravity- 
decreased," or "gravity-minimized," the text and the Key 
to Muscle Grading (see p. 23) will refer to movements 
in the horizontal plane. 





GRADING STRENGTH 


Detailed grading of muscle strength is more im- 
portant in relation to prognosis than to diagnosis. The 
extent of involvement may be determined by such sim- 
ple grading as zero, weak and normal. On the other 
hand, more precise grading helps to establish the rate 
and degree of return of muscle strength and is also use- 
ful in determining a prognosis. A muscle might appear 
to be "weak" for months, even though the record shows 
that it has progressed from poor- to fair during this 
same period. 

Accuracy in grading depends on many factors: the 
stable position of the patient, the fixation of the part 
proximal to the part being tested, the precision of the 
test position, and the direction and amount of pressure. 
The amount of pressure varies with the age and the size 
of the patient, the part being tested and the leverage. If 
one extremity is unaffected, the examiner may use the 
strength in the unaffected extremity as an index for the 
patient's normal strength when testing the affected 
extremity. 

An examiner must build a basis for comparison of 
test results through experience in muscle testing. Such 
experience is necessary when testing both paralytic and 
normal individuals. For many, however, experience in 
muscle testing has been limited to the examination of 
patients with disease or injury. As a result, these exam- 
iners' idea of normal strength tends to be a measure of 
what appears to be good functional recovery following 
weakness. 

The authors recommend that an examiner make an 
effort to test individuals, both male and female, of vari- 
ous ages and those with good posture as well as those 
with faulty posture. If it is not possible to examine a 
large number of normal individuals, an effort should be 
made to examine the trunk and unaffected extremities in 
cases involving only one or two extremities. 

Testing and grading procedures are modified during 
examination of infants and children to the age of 5 or 6 
years. The ability to determine a child's muscle strength 
up to the grade of fair is usually not difficult, but grad- 
ing strength above fair depends on the cooperation of the 
child in holding against resistance or pressure. Young 
children seldom cooperate in strong test movements. 
Very often, tests must be recorded as "apparently nor- 
mal," which indicates that although the strength may, in 
fact, be normal, one cannot be sure. 
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GRADING STRENGTH 


Grades Above Fair 


Standardization of muscle testing techniques related to 
grading strength above fair requires a specific place in 
the arc of motion where the part is held by the subject 
as manual pressure is applied. 

Muscle strength is not constant throughout the range 
of motion, and in manual muscle testing, it is not prac- 
tical to try to grade the strength at various points in the 
arc of motion. (For the place in the arc used as the po- 
sition for grading, see p. 13.) 

Whether the part is placed in the test position 
or actively moves to that position, grading above 
fair is determined by the ability to hold the part in 
the test position against varying degrees above fair. 

If test position is used, the part is placed in the spe- 
cific position by the examiner, and then pressure is ap- 
plied. For there to be standardization of testing techniques 
and grading, when test movement is used, the movement 
must proceed to the same place in the arc of motion as 
that established as the test position. For this reason, the 
movement factor is omitted in the Key to Muscle Grading 
(see p. 23) when defining grades above fair. 


Normal Grade 


The grade of normal means that the muscle can hold the 
test position against strong pressure. This grade is not 
intended to indicate the maximum strength of the sub- 
ject but, rather, the maximum pressure that the examiner 
applies to obtain what might be termed a "full" strength 
of the muscle. In terms of judgment, it might be de- 
scribed as strength that is adequate for ordinary func- 
tional activities. To become competent in judging this 
full strength, an examiner should test normal individuals 
of various ages and sizes and both sexes. 


Good Grade 


The grade of good means that the muscle can hold the 
test position against moderate pressure. 


Fair Grade 


The grade of fair indicates that a muscle can hold the 
part in test position against the resistance of gravity but 
cannot hold if even slight pressure is added. In tests such 
as those for the triceps and quadriceps, the examiner 
should avoid a "locked" position of the joint that could 
give undue advantage to a muscle that was slightly less 
than fair in strength. 


In the area of the fair grade, the question arises of 
whether the strength to hold the test position is equiva- 
lent to the strength required to move through range of 
motion to the test position. With some exceptions, the 
general rule is that the test movement can be performed 
if the test position can be held. 

In some muscle tests, the bone on which the mus- 
cle is inserted moves from a position of suspension in 
the vertical plane toward the horizontal plane. The 
quadriceps, deltoid, and hip rotators tested in the sitting 
position and the triceps and shoulder rotators tested in 
the prone position compose this group. The leverage ex- 
erted by the weight of the part increases as the part 
moves toward completion of the arc, and the muscle 
strength required to hold the test position against grav- 
ity usually is sufficient to perform the test movement 
against gravity. 

In a few tests, the bone on which the muscle is in- 
serted moves from a horizontal position toward a verti- 
cal position, and less strength is required to hold the test 
position than is needed to perform the test movement. 
This occurs during tests of hamstrings when tested by 
knee flexion in the prone position and tests of the elbow 
flexors when examined in the supine position. 


Poor Grade 


The ability to move through a partial arc of motion in the 
horizontal plane is graded as poor- The grade of poor 
means that the muscle is capable of completing the range 
of motion in the horizontal plane. The grade of poor+ de- 
notes the ability to move in the horizontal plane to com- 
pletion of the range of motion against resistance or to hold 
the completed position against pressure. It also means that 
the muscle is capable of moving through a partial arc of 
motion in the antigravity position. 

The ranges of strength within the grade of poor 
are significant enough to deserve these subclassifica- 
tions for purposes of more definitive grading. The abil- 
ity to perform the full range of motion in the horizon- 
tal plane is not close to the ability to perform the test 
against gravity for most muscles, notably those of the 
hip joint. Adding pressure or resistance to the element 
of movement in the horizontal plane provides the added 
force that approaches that of gravity in the antigravity 
position. 

Hip abductors, for example, may complete the 
movement of abduction in a supine position (i.e., hori- 
zontal plane), which would give a grade of poor. As 
strength improves, the patient can hold against more and 
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more pressure in the abducted position or can move to 
the abducted position against increasingly greater resist- 
ance. Experience will disclose the amount of pressure or 
resistance that must be applied in the supine position to 
exhibit strength that approaches the ability to perform to 
completion of range in the antigravity position. With hip 
abductors, it requires that the muscles tolerate moderate 
to strong resistance or pressure in the supine position be- 
fore being able to hold for a fair grade in the antigravity 
position. 

It is important to record the changes in strength that 
occur during the time that it takes to move from the grade 
of poor minus (P-) to poor (P) and to poor plus (P+). 

Testing for the various grades of poor is justified 
and meaningful when used appropriately. In the rehabil- 
itation of persons with severe neuromuscular and mus- 
culoskeletal involvement, the minute but visible changes 
that show improvement are very important. Maintaining 
a record of these significant changes, however slight, is 
important to the morale and continuing motivation of the 
patient and is necessary in determining progress. In the 
broad scope of rehabilitation, these small changes at one 
end of the spectrum can be more significant than the 10, 
20, or even 30 (or more) pounds of force that can be 
gained by a recovering athlete at the other end of the 
spectrum. 

After all that explanation, it may also be said that 
the overall grade of poor can be "assumed" without the 
unnecessary changes of position that are required for 
tests in the horizontal plane. If it has been determined 
that the muscle does not grade a fair minus (F-) by the 
test in the antigravity position but does grade more than 
a trace (which can be established in almost any posi- 
tion), then the overall grade of poor exists without any 
need for further testing. 

There are some instances in which assuming the 
grade of poor may be justified: if there is no need for 
more specific grading than normal, good, fair, poor, and 
trace; if the patient has extensive weakness and is easily 
fatigued; or if the condition is long-standing, with no ap- 
preciable change. 

Establishing the grade of poor often requires that 
the patient be moved from one position to another. In 
practice, frequent change of position or repetition of the 
test in various positions is tiring for the patient and time- 
consuming for the examiner. It is also possible that those 
patients with the most weakness would be subjected to 
the most changes of position. Patients should not be sub- 
jected to unnecessary procedures during examination if 
the results obtained are not meaningful. 
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GRADING STRENGTH 


Tests in the horizontal plane include several vari- 
ables. The partial range of motion for the poor- grade is 
not specific, because there is no indication of where in 
the arc of motion the partial range should be. It may be 
at the beginning of the range of motion, within the 
midrange, or near the end. 

With respect to partial arc of motion in antigravity 
position for a poor+ grade, it may mean starting from 
the suspended (i.e., vertical) position for quadriceps. For 
the hamstrings, it may mean that in the prone position, 
the subject can flex the last few degrees required to bring 
the leg to the vertical position. 

When testing hip extensors or hip flexors in the 
side-lying position, a horizontal movement through 
the range of motion furnishes a means to obtain an ob- 
jective grade of poor. The surface of the table, smooth 
or rough, changes the amount of friction and resist- 
ance. The strength of the hip adductors (if the under- 
neath leg is being tested) may make a material differ- 
ence in the results of the flexor and extensor tests. If 
the adductors are paralyzed, the full weight of the 
extremity will rest on the table and make flexion and 
extension difficult. If the adductors are strong, they 
will tend to raise the extremity so that the full weight 
does not rest on the table, thereby reducing the friction, 
and the flexion and extension movements will thus be 
made easier. 


Trace Grade 


The grade of trace means that a feeble contraction can 
be felt in a muscle that can be palpated or that the ten- 
don becomes slightly prominent; however, no movement 
of the part is visible. Trace grades can be determined in 
almost any position. 

When testing muscles that are very weak, the ex- 
aminer usually moves the part into test position, trying 
to help the patient to feel the movement and elicit a mus- 
cle response. The examiner should be sure that the move- 
ment starts from a relaxed position. If the part is carried 
to the beginning of the range of motion and slight ten- 
sion is put on the muscle, there may be a rebound or 
springing back, which can be confused with active 


movement. 


Zero Grade 


The grade of zero means that no evidence of any mus- 
cle contraction is visible or palpable. 
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GRADING STRENGTH 


GRADING SYMBOLS 


Robert W. Lovett, M.D., introduced a method of testing 
and grading muscle strength using gravity as resistance 
(15). A description of the Lovett system was published 
in 1932 and listed the following definitions: 


Gone—no contraction felt. 


Trace—muscle can be felt to tighten but cannot 
produce movement. 


Poor—produces movement with gravity eliminated 
but cannot function against gravity. 


Fair—can raise the part against gravity. 


Good—can raise the part against outside resistance 
as well as against gravity. 


Normal—can overcome a greater amount of resist- 
ance than a good muscle. 


The symbols used may vary, but the movement and 
weight factors set forth by Lovett form the basis of most 
current muscle testing. The Kendalls introduced the use 
of numbers for computing the amount of change in mus- 
cle strength when doing research with patients recover- 


ing from poliomyelitis. They had used the word and let- 
ter symbols previously and, for the most part, it was pos- 
sible to translate grades from one scale to the other. 

The authors of this text believe it is in the best in- 
terest of those who engage in manual muscle testing 
that an effort be made to standardize (as much as pos- 
sible) the descriptions of the tests and the symbols 
used. Numerals are being used increasingly, and such 
use is needed for research that involves muscle test 
grades. 


The Key to Muscle Grading on the facing page is 
basically the same as the Lovett system, but with added 
definitions for the minus and plus grades. The poor+ 
grade provides for movement in the horizontal plane and 
for partial arc against gravity. Both methods for grading 
poor+ are in common use. 

In this text, the normal minus (N—) grade has been 
eliminated, and the scale has been changed from 0 to 10. 
Leaving zero as 0 and trace as T, the word and letter 
symbols translate directly as indicated by the Key to 
Muscle Grading. No movement is involved with the 0 
and T grades, and the numerals 1 to 10 refer to test 
movement and test position grades. 
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KEY TO MUSCLE GRADING 


































































KEY TO MUSCLE GRADING 
eS — 
Function of Muscle Muscle Grades and Symbols 
No contraction felt or seen in the muscle 
No 
Movement Tendon becomes prominent or feeble Trace T 1 T 
contraction felt in muscle with no 
| visible movement 
m —r — г _————_ 
Movement through partial range of motion Poor- P- 2- 1 + 
Supported Бе 
їп {һе T —— —- —{- =t) 
Horizontal Movement through complete range of motion Poor P 2 2 
Plane* for the muscle being tested | 
———____|— a си 38Е 1— 4 
Holds against slight pressure in test position** Poor+ P+ 24 3 
—{ +} 1——1—— 1—4] 
Moves through partial range of motion Poor« Py 2+ 3 
against gravity 
| ae aw | + -a 
Gradual release from test positron occurs Fair- F- 3- 4 
+ 1— + + 4 — 
Holds test position (no added pressure) Fair | F 
Tests in the - + —1— oes — 5 pe ena 
Antigravity Holds test position against slight pressure Fair+ Е+ 34 6 
Position | + ees | $ iE = 
Holds test position against slight to moderate Good- Gt 4- 7 
pressure 
+ NE ER LN Sl T 
Holds test position against moderate pressure Good G | 4 8 TEF 
4- —- ———-— + I | 
Holds test position against moderate to strong Good+ G+ 44 | 9 
pressure 
L — і i | | 4 
Holds test position against strong pressure Normal N 5 10 Tt 
dc = os 1. 























* “PP°rt of the part being tested should ideally be provided by a firm, smooth surface that minimizes resistance to move- 
ment in the horizontal plane, such as a powder board. 
** Testing for a Poor * grade in the horizontal plane requires that the muscle being tested 1) be able to move the part through 


the muscle's range of motion without resistance (Poor grade), then 2) be able to hold against slight pressure in the test posi- 
tion where it exhibits greatest strength (e.g. Class | and II muscles should be tested at completion of range, while Class lll and 


IV muscles should be tested at midrange of overall length of muscle. See p. 13). 


According to the Key, the highest test movement grade in the antigravity position is a 3, or Poor«. Test movements for lateral 
trunk flexors, upper and lower abdominal muscles, and back extensors are exceptions. See individual tests (pages 181, 185, 


202, 212) for grading of these muscles. 
Testing of the muscles of the fingers and toes does not depend on gravity. See Chapter 6, page 295. 
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GRADING STRENGTH 


USE OF THE TERM NORMAL IN 
RELATION TO MUSCLE GRADING 


The term normal has a variety of meanings. It may mean 
average, typical, natural, or standard. As used in various 
methods of muscle grading, it has been defined as the 
degree of strength that will perform a movement against 
gravity and hold against strong resistance. 

Tf one adheres to the usage in this sense, then a grade 
of poor will be recorded for a small child who cannot lift 
the head in flexion from a supine position. Knowing that 
it is natural for small children to exhibit weakness of the 
anterior neck muscles, an examiner might say this child's 
neck is normal, using normal in the sense that it is natu- 
ral. On administering a leg-lowering test for abdominal 
strength in a large group of adolescent children and find- 
ing that a grade of fair+ or good- is the average strength 
for the group, one might say that this grade of strength is 
normal for this age. Thus, we have three different uses of 
normal applied rather freely in muscle testing: as stan- 
dard, as natural, and as average. 


Because normal is defined as a standard when used 
in the scale of grading, grades of strength should relate 
to that standard, and appropriate terms other than nor- 
mal should be used in the interpretation of results. 

One of the advantages of using numerical grades is 
that it leaves the term normal free for use in the inter- 
pretation of those grades. In the following discussion, 
this term will be employed in this manner. 

Most grades are based on adult standards, so it is 
necessary to acknowledge what is normal for children of 
a given age. This is particularly true regarding the 
strength of the anterior neck and anterior abdominal 
muscles. The size of the head and trunk in relation to the 
lower extremities as well as the long span and normal 
protrusion of the abdominal wall affect the relative 


strength of these muscles. Anterior neck muscles may 
grade about poor+ in a 3-year-old child, about fair in a 
5-year-old child, and gradually increase up to the stan- 
dard of performance for adults by 10 or 12 years of age. 
Many adults will exhibit no more than lair + strength. 
This need not be interpreted as neurogenic, however, be- 
cause it usually is associated with faulty posture of the 
head and upper back. 


The prime example of a standard that is an infant 
rather than an adult accomplishment is that of toe flexor 
strength. In general, children have more strength in their 
toe flexors than many adults do. It is not uncommon to 
find that women who have worn high heels and rather 
narrow-toed shoes have weakness of toe flexors in which 
the grade is no more than fair-. With the standard being 
the ability to flex the toes and hold against strong resist- 
ance or pressure, the adult must be graded against that 
standard; however, this weakness of the toe flexors should 
not be interpreted as being normal for age. One becomes 
so accustomed to toe flexor weakness among adults that 
a degree of weakness might be assumed to be normal in 
the sense that "normal" is "average." Marked weakness 
of the toe flexors is almost invariably associated with 
some degree of disability of the foot. However, the term 
normal should not apply to such weakness unless one is 
ready to accept the disability itself as being normal. 


This toe flexor weakness represents a loss of strength 
from childhood to adulthood, and it should be regarded 
as an unnatural, acquired weakness. This type of weak- 
ness may be present in other muscles as a result of stretch 
and strain associated with occupational or recreational 
activities or faulty posture. Acquired weakness usually 
does not drop below the grade of fair, but fair and fair+ 
grades of strength might be interpreted as neurogenic if 
one were not aware that such degrees of weakness can 
result from stretch and strain of the muscles. 
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DEFINITIONS 


The term plexus comes from the Latin word that means 
a braid. A nerve plexus results from the dividing, re- 
uniting, and intertwining of nerves into a complex net- 
work. When describing the origins, components, and ter- 
minal branches of a plexus, the terms nerves, roots and 
cord are used with dual meanings. There are spinal 
nerves and peripheral nerves, roots of the spinal nerves 
and roots of the plexus, and the spinal cord and cords of 
the plexus. To avoid confusion, appropriate modifying 
words are used in the descriptions below. 


The spinal cord lies within the vertebral column, 
extending from the first cervical vertebra to the level of 
the second lumbar vertebra. Each of the 31 pairs of 
spinal nerves arises from the spinal cord by two spinal 
nerve roots. The ventral root, which is composed of 
motor fibers, and the dorsal root, which is composed of 
sensory fibers, unite at the intervertebral foramen to 
form the spinal nerve. (See p. 144 at top.) A spinal 
segment is the part of the spinal cord that gives rise to 
each pair of spinal nerves. Each spinal nerve contains 
motor and sensory fibers from a single spinal segment. 


Shortly after the spinal nerve exits through the fora- 
men, it divides into a dorsal primary ramus and a 
ventral primary ramus. The dorsal rami are directed 
posteriorly, and the sensory and motor fibers innervate 
the skin and extensor muscles of the neck and trunk. 
The ventral rami, except those in the thoracic region, 
contain the nerve fibers that become part of the plexuses. 

Plexus illustrations have been included with the 
appropriate chapters: cervical with neck, page 145; 
brachial with upper extremity, page 249; and both 
lumbar and sacral with lower extremity, pages 362 
and 363. Trunk muscles receive innervation directly 


from the thoracic nerves, plus a branch from the lum- 
bar plexus. 

Peripheral nerves emerge from the plexuses at var- 
ious levels or as terminal branches. As a result of the in- 
terchange of fibers within the plexus, peripheral nerves 
contain fibers from at least two and, in some instances, 
as many as five spinal segments. 


SPINAL SEGMENT DISTRIBUTION TO 
NERVES AND MUSCLES 


For anatomists and clinicians, the determination of spinal 
segment distribution to peripheral nerves and muscles 
has proven to be a difficult task. The pathway of the 
spinal nerves is obscured by the intertwining of the nerve 
fibers as they pass through the nerve plexuses. Since it 
is almost impossible to trace the course of an individual 
nerve fiber through the maze of its plexus, information 
regarding spinal segment distribution has been derived 
mainly from clinical observation. The use of this empir- 
ical method has resulted in a variety of findings regard- 
ing the segmental origins of these nerves and the mus- 
cles they innervate. An awareness of possible variations 
is important in the diagnosis and the location of a nerve 
lesion. To focus attention on the range of variations that 
exists, the Kendalls tabulated information from six well- 
known sources. 


The chart in appendix A (page 472) shows the spinal 
segment distribution to nerves; the charts in appendix A 
(pages 468-471) show the distribution to muscles. 

The symbols used in tabulating the reference mate- 
rial were: a large X to denote a major distribution, a 
small x to denote a minor distribution, and a parenthet- 
ical (x) to denote a possible or infrequent distribution. 
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26 SPINAL NERVE AND MUSCLE CHARTS 


The recording of test results is an important part of 
muscle examinations. Records are valuable from the 
standpoints of diagnosis, treatment and prognosis. An 
examination performed without recording the details can 
be of value at the moment, but one has an obligation to 
the patient, to the institution (if one is involved), and to 
oneself to record the findings. 

Charts used for recording the findings of muscle 
examinations should permit complete tabulation of test 
results. In addition, the arrangement of the information 
should facilitate its interpretation. 

There are two charts in this category: one for the 
neck, diaphragm, and upper extremity (see facing page) 
and the other for the trunk and lower extremity (see p. 
29). These charts have been designed especially for use 
as an aid in the differential diagnosis of lesions of the 
spinal nerves. The motor involvement, as determined by 
manual muscle tests, can aid in determining whether a 
lesion of the nerve exists at the root, plexus, or periph- 
eral level. The chart may also be useful in determining 
the level of a spinal cord lesion. 


In the upper and lower extremity charts, the names of 
the muscles appear in the left column and are grouped, as 
indicated by heavy black lines, according to their inner- 
vations, which are listed to the left of the muscle names. 
The space between the column of muscle names and the 
nerves is used to record the grade of muscle strength. 

The sternocleidomastoid and the trapezius muscles 
are listed on the Spinal Nen>e and Muscle Chart (see 
facing page) and on the Cranial Nerve and Muscle 
Chart (see p. 125). These muscles receive their motor 
innervation mainly from the spinal portion of the 11th 
cranial nerve (accessory), but additional spinal nerve 
branches are distributed to them: C2, C3 to the stern- 
ocleidomastoid and C2, C3, C4 to the trapezius. Clini- 
cal findings in cases of pure accessory nerve lesions 
have led neurologists to assume that these spinal nerve 
fibers are chiefly concerned with innervation of the 
caudal part of the trapezius, with the cranial and mid- 
dle parts, as well as the sternocleidomastoid, being 
supplied predominantly by the accessory nerve (16). 
Some authors report that these cervical nerves supply 
the upper part of the trapezius. In other reports, it ap- 
pears that these nerve fibers do not contribute any mo- 
tor fibers to the trapezius, with the motor innervation 
of the entire muscle being dependent on the spinal por- 
tion of the accessory nerve. Apparently, considerable 
individual variations exist in the innervation of the 
trapezius (17). 





PERIPHERAL NERVE SECTION 


Peripheral nerves and their segmental origins are listed 
across the top of the center of the chart and follow the 
order of proximal-distal branching insofar as possible. 
For the peripheral nerves that arise from cords of the 
brachial plexus, the appropriate cord is indicated. The 
key at the top of the charts explains the abbreviations 
used. 


Below this section, in the body of the chart, the 
dots indicate the peripheral nerve supply to each mus- 
cle. (See Appendix for sources of material for this sec- 
tion.) 


SPINAL SEGMENT SECTION 


In this section, a number denotes the spinal segment ori- 
gin of nerve fibers innervating each of the muscles listed 
in the left column. (See Appendix for sources for mate- 
rial for this section.) 

In the accompanying spinal nerve and muscle charts 
and subsequent text, distribution is indicated by num- 
bers. Major distribution is indicated by a number in bold 
type, a small distribution by a number in regular type, 
and a possible or infrequent distribution by a number in 
parenthesis. 


SENSORY SECTION 


On the right side of the charts are diagrams showing the 
dermatomes and the distribution of cutaneous nerves for 
the upper extremity on one and for the trunk and lower 
extremity on the other. The dermatome illustrations are 
redrawn from Keegan and Garrett on the extremity charts 
and from Gray on the cranial chart (18,14). The cuta- 
neous nerve illustrations are redrawn from Gray (for cra- 
nial chart, see p. 125.) 

It is possible to use the illustrations for charting 
areas of sensory involvement by shading or using a col- 
ored pencil to outline the areas of the involvement for 
any given patient. Only drawings of the right extremity 
are used on the extremity charts, but labeling can indi- 
cate, when necessary, that the recorded information per- 
tains to the left side. 
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SPINAL NERVE AND MUSCLE CHARTS 
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SPINAL NERVE AND MUSCLE CHARTS 












USE OF CHARTS IN DIFFERENTIAL DIAGNOSIS 


Muscle strength grades are recorded in the column to the left of the muscle names. The 
grade symbols may be numerals or letters. Grades can be translated as indicated on the 
Key to Grading Symbols (see p. 23). 

After the grades have been recorded, the nerve involvement is plotted, when appli- 
cable, by circling the dots under peripheral supply or outlining the numbers under 
spinal segment distribution that corresponds with each involved muscle. (See Chapter 
6, pp. 347-352, and Chapter 7, pp. 455-458.) 

The involvement of peripheral nerves and/or parts of the plexus is ascertained from 
the encircled dots by following the vertical lines upward to the top of the chart or the 
horizontal to the left margin. (See p. 27.) When evidence of involvement at spinal seg- 
ment level exists, the level of the lesion may be indicated by a heavy black line drawn 
vertically to separate the involved from the uninvolved spinal segments. (See p. 350.) 

As а rule, muscles graded as good (i.e., 8) or above may be considered as not 
being involved from a neurological standpoint. This degree of weakness may be the 
result of factors such as inactivity, stretch weakness, or lack of fixation by other 
muscles. It should be remembered, however, that a grade of good might indicate a 
deficit of a spinal segment that minimally innervates the muscle. 

Weakness with grades of fair or less may be the result of inactivity, disuse atrophy, 
immobilization, or neurological problems. Faulty posture of the upper back and shoul- 
ders may cause weakness of the middle and lower trapezius. It is not uncommon to 
find bilateral weakness of these muscles with grades as low as fair-. A neurological 
problem with involvement of the spinal accessory nerve is unlikely in cases of isolated 
weakness of these muscles, unless there is also involvement of the upper trapezius. 


Use of the Spinal Nerve and Muscle Charts is illustrated by the case studies on 
pages 347-352. 
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SPINAL NERVE AND MUSCLE CHARTS 
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GUIDELINES FOR THE CLINICIAN 


Be guided by the age-old adage: "Thou shalt do 
no harm." 


Obtain the patient's confidence and cooperation. 
Listen carefully to the patient. 


Observe posture, body language and spontaneous 


movements that provide helpful diagnostic 
clues. 


Apply basic knowledge of anatomy, physiology 
and body mechanics in musculoskeletal evalua- 
tions and treatments of patients. 


Consider whether the occupational or recreational 
activities of the patient alleviate or aggravate 
existing conditions. 


Educate your patients; help them to understand the 
nature of their problems. 


Be guided by the patient's reaction to previous 
treatments. 


Be patient with your patients. It often takes more 
than one session to overcome anxiety and 
"guarding" against pain. 

Start treatments in a gentle manner. 


Remember that it is essential to obtain patient 
relaxation before attempting to stretch tight 
muscles. Stretching that is too vigorous will 
retard rather than hasten recovery. 


Understand that muscles weakened as a result of 
injury or disease must be handled with more 
care than a normal muscle. 


When applying traction, use a firm but gentle 
grasp. Avoid pinching, twisting, or pulling the 
skin over the part that is being held. 

Expect that favorable responses to treatment will 
progress gradually, based on the patient's toler- 
ance to pain or discomfort. 

Avoid the attitude of "more is better." It is better 
to undertreat than to overtreat. Reactions to 
treatment are often delayed, so one may not 
know until the next day that the previous treat- 
ment was "too much." 


Avoid application of heat over areas with impaired 
sensation or circulation, and over muscles ex- 
hibiting stretch weakness. 


Recognize that continuation of treatment is con- 
traindicated if any of the following symptoms 
appear: swelling, redness, abnormal temperature 
of the part, marked tenderness, loss of range of 
motion, or persistent pain. 


Involve the patient in setting treatment goals and 
in planning a home treatment program. 


Be accountable. Document your assessment, evalu- 
ation, treatment plan and follow-up care. 
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STABILITY OR MOBILITY 


In the treatment of abnormal conditions of joints and 
muscles, one must determine the overall objectives of 
treatment based on whether stability or mobility is the 
desired outcome for optimal function. Joint structures 
are designed so that along with greater mobility, there is 
less stability, and along with greater stability, there is 
less mobility. 

It is generally accepted that along with growth from 
childhood to adulthood, a "tightening up" of the liga- 
mentous structures occurs, along with a corresponding 
decrease in flexibility of the muscles. This change af- 
fords greater stability and strength for adults than for 
children. 

The individual with "relaxed" ligaments, which are 
often referred to as the "loosely knit" type, does not 
have the stability in standing that a less flexible individ- 
ual has. A knee that goes into hyperextension, for ex- 
ample, is not mechanically as stable for weight bearing 
as one that is held in normal extension. 

Lack of stability of the spine in a flexible individ- 
ual can lead to problems when work requires prolonged 
sitting or standing, or the need to lift or carry heavy ob- 
jects. Muscles do not succeed in functioning for both 
movement and the support normally afforded by the 
ligaments. When symptoms occur, they will appear as 
fatigue first and only later as pain. Often, a young adult 
with excellent strength but excessive spinal flexibility 
will require a back support to relieve painful symptoms. 

Under some circumstances, function is improved 
and pain is alleviated by restricting the range of motion 
to the point of complete fixation. Conditions such as 
Marie-Striimpell arthritis of the spine, if fused in good 
alignment, and postoperative fusions of the spine, hip, 
foot, or wrist exemplify this principle. 

From a mechanical standpoint, two types of faults 
relate to alignment and mobility: undue compression 
on articulating surfaces of bone and undue tension on 
bones, ligaments, or muscles. Eventually, two types of 
bony changes may occur: Excessive compression pro- 
duces an eroding effect on the articulating surface, 
whereas traction may result in an increase in bony growth 
at the point of attachment. 

Lack of mobility is closely associated with persist- 
ent faulty alignment as a factor in causing undue com- 
pression. When mobility is lost, stiffness occurs, and a 
certain alignment remains constant. This may be a result 
of the restriction of motion by tight muscles or of the in- 
ability of weak muscles to move the part through the arc 
of motion. Muscle tightness is a constant factor, tending 
to maintain the part in faulty alignment regardless of the 
position of the body. Muscle weakness is a less constant 
factor because changing the body position can bring 
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about a change in the alignment of the part. With nor- 
mal movement in joints, wear and tear on the joint sur- 
faces tends to be distributed; however, with limitation of 
range, the wear will take place only on the joint surfaces 
that represent the arc of use. If the part that is restricted 
by muscle tightness is protected against any movement 
that may cause strain, the other parts that must compen- 
sate for such restriction will suffer the strain instead. 


Excessive joint mobility results in tension on the 
ligaments that normally limit the range of motion, and 
can result in undue compression on the margins of the 
articulating surfaces when the excessive range is long- 
standing. 


ROLE OF MUSCLES 


In addition to their role in movement, muscles have an 
important role in supporting the skeletal structures. A 
muscle must be long enough to permit normal mobility 
of the joints yet short enough to contribute effectively to 
joint stability. 

When range of motion is limited because of tight 
muscles, treatment consists of the use of various modal- 
ities and procedures that promote muscle relaxation and 
assist in stretching the muscles. Stretching exercises are 
one of the most important procedures. Stretching should 
be gradual and, though it may cause mild discomfort, it 
should not cause pain. 

When range of motion is excessive, the most im- 
portant part of treatment is avoiding overstretching. If 
the patient has instability with or without pain, in many 
instances it is prudent to apply a support that can allow 
the affected structures to "tighten." It may or may not be 
necessary to add specific exercises, because many mus- 
cles that are weakened by stretching recover with nor- 
mal activity when overstretching is avoided. 

Many neuromuscular conditions are characterized 
by muscle weakness. Some show definite patterns of 
muscle involvement; others show spotty weakness with- 
out any apparent pattern. In some cases, weakness is 
symmetrical; in others, weakness is asymmetrical. The 
site or level of a peripheral lesion can be determined be- 
cause the muscles distal to the site of the lesion will 
show weakness or paralysis. Careful testing and accurate 
recording of the test results will reveal the characteristic 
findings and aid in establishing the diagnosis. 

Peripheral nerves are subject to trauma in many ar- 
eas of the body and from a wide variety of causes. Some 
trauma may be invasive in nature. Invasive trauma may 
be accidental, such as lacerations, piercing wounds, in- 
jections of medications, or nerves cut or injured during 
surgery. Invasive trauma may also be caused by neces- 
sary procedures, such as a nerve resection or rhizotomy. 
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Numerous neurological problems arise from nonin- 
vasive trauma that can cause compression or tension 
(i.e., traction) оп a nerve. The trauma may be sudden or 
gradual, with the latter type resulting from maintained 
positions or repetitive movements. Involvement may 
vary from being widespread throughout an extremity to 
being localized to a single nerve branch. Noninvasive 
trauma may be transitory or result in permanent deficits. 


NERVE COMPRESSION 
AND TENSION 


Trauma may also result from an external force causing 
compression on a nerve. Examples include the following: 


Radial, median, or ulnar nerve (or some combina- 
tion of these), as in "Saturday night palsy" 
from an arm hanging over the back of bench 
or a chair. 


Radial or median nerve (or both) from crutch 
paralysis. 


Radial, median, and ulnar nerves from a tourni- 
quet. (See chart, Case 1.) 


Median nerve from various sleeping positions 
(e.g., supine, with arm overhead; side-lying on 
the arm in adduction) (19). 

Ulnar nerve from trauma to the elbow. 

Ulnar or median nerve from sudden or repeated 
trauma to the hypothenar or thenar eminence. 


Anterior interosseous nerve from (forearm) arm- 
band sling (20). 


Brachial plexus from a strap over the shoulder. 


Peroneal nerve by a cast, adhesive strapping, or 
garter producing pressure over the head of the 
fibula or by prolonged sitting with the legs 
crossed and one knee resting on the other. 


A transitory external compressive force is exempli- 
fied by a bump on the elbow, hitting the "funny bone" 
(so-named because it is the distal end of the humerus). 
The bruise hurts and causes tingling into the ring and lit- 
tle fingers, but the symptoms do not last long. 

Trauma by an external force causing tension on nerves 
can occur to the brachial plexus, such as from an accident 
or a manipulation that puts excessive traction on the 
plexus. The long thoracic nerve is susceptible to stretch 
from carrying a heavy bag with a strap over the shoulder. 

Internal compression or tension affecting nerves 
usually occurs in areas of the body where the nerve is 


vulnerable because of close association with firm skele- 
tal structures. Under ordinary conditions, a groove or a 
tunnel may be a protection, but in cases of injury or in- 
flammation with swelling and scar tissue, the confined 
area becomes a source of entrapment. Internal compres- 
sion is exemplified by pressure on: 


Spinal nerve root from calcium deposits in the 
foramen. 


Suprascapular nerve as it passes under the liga- 
ment and through the scapular notch (21-24). 


Brachial plexus from a cervical rib. (See posture 
in relation to cervical rib, p. 345.) 


Brachial plexus from the coracoid process and a 
tight pectoralis minor (see p. 342) (19,25). 


Axillary nerve in the quadrilateral space (see 
p. 344) (23,26). 


Median nerve, as in carpal tunnel syndrome. 


Nerve to (usually) the fourth toe, as in Morton's 
neuroma. 


Internal tension on a nerve is exemplified by: 


Suprascapular nerve as it passes through the 
scapular notch, being subject to stretch with 
displacement of shoulder and scapula (27). 


Peroneal nerve, secondary to spasm in the tensor 
fasciae latae, with resultant traction on the H— 
otibial band to its insertion below the head of 
the fibula (see p. 449). 


Peroneal nerve, secondary to traction on the leg, 
by inversion of the foot (19,24). 


In some instances, there may be a combination of 
factors. Consider the case of a woman who awoke in the 
middle of the night with the sensation that she did not 
have a right arm. The whole arm had gone "dead." With 
her left arm, she tried to find her right arm, starting 
down at the right side of the body, and she finally found 
it extended overhead. She put the arm down and rubbed 
it briskly, and the arm was back to normal in a minute 
or two. 

With the arm overhead and the entire arm affected, 
there may have been both compression and tension on 
the trunks ofthe brachial plexus and on the blood ves- 
sels from angulation under the coracoid process and the 
pectoralis minor. Considering the quick response from 
stimulating the circulation by massaging the affected 
arm, the problem may have been primarily circulatory. 
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NERVE IMPINGEMENT 


In this text, the term impingement is used with refer- 
ence to nerve irritation associated with muscles. 
During the 1930s, there was great reluctance to 
speak about the possibility that in addition to bone and 
other firm structures, muscles might play a role in caus- 
ing irritation to the nerves. In a 1934 article regarding 
the piriformis muscle, Albert H. Freiberg stated that 
"pressure of a muscle belly upon the trunk of the sci- 
atic nerve can be productive of pain and tenderness 
[but] must be looked upon as unproved at present" (28). 
Freiberg was cautious and almost apologetic about 
suggesting that the muscle could play that kind of a role. 


During that same era, one of the original authors of 
Muscles: Testing and Function, Henry O. Kendall, rather 
courageously offered such explanations for several 
clinical entities. Most instances were related to muscles 
that were pierced by a peripheral nerve and in which 
movement and alteration of muscle length were factors 
in causing a friction type of irritation to the nerve. Symp- 
toms of pain or discomfort could be elicited by stretch- 
ing the muscle, by having the muscle actively contract, 
or by repetitive movements. 

The authors are cognizant of the- fact that explain- 
ing peripheral nerve pain on the basis of pressure or 
friction by muscles remains a controversial issue with 
respect to certain syndromes, notably the piriformis 
(23, 29). However, the concept is well recognized in re- 
gard to nerve involvement with numerous muscles. 

Under normal conditions and through normal range 
of motion, it may be presumed that a muscle will not 
cause irritation to a nerve that lies in close proximity to 
it or that pierces it. A muscle that is drawn taut, how- 
ever, becomes firm and has the potential for exerting a 
compressive or a friction force. A muscle that has de- 
veloped adaptive shortness moves through less range 
and becomes taut before reaching normal length; a 
stretched muscle moves through more than normal range 
before becoming taut. A taut muscle, especially a weight- 
bearing muscle, can cause friction on a nerve during 
repetitive movements. 

In mild cases, the symptoms may be discomfort and 
dull ache rather than sharp pain when the muscles con- 
tract or are elongated. Sharp pain may be elicited by 
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vigorous movements but tends to be intermittent, because 
the subject finds ways to avoid the painful movements. 

Recognizing this phenomenon in the early stages 
can increase the likelihood of counteracting or prevent- 
ing the more painful or disabling problems that develop 
later. Physical therapists who deal with stretching and 
strengthening exercises have the opportunity to observe 
early signs of impingement among their patients. 

The axillary nerve emerges through the quadrilat- 
eral space that is bounded by the teres major, teres mi- 
nor, long head of the triceps and humerus. When stretch- 
ing a tight teres major, a patient may complain of a 
shooting pain in the area of cutaneous sensory distribu- 
tion of the axillary nerve. The assumption is that the 
axillary nerve is being compressed or stretched against 
the tight teres major. The pain that results from direct 
irritation to the nerve is in contrast to the discomfort that 
is often associated with the usual stretching of tight 
muscles. (See cutaneous nerve distribution, pp. 256 and 
257, and teres syndrome, p. 344.) 

The femoral nerve pierces the psoas major muscle. 
During assisted stretching exercises, a patient with tight 
iliopsoas muscles may complain of pain along the an- 
teromedial aspect of the leg in the area of cutaneous sen- 
sory distribution of the saphenous nerve. (See cutaneous 
nerve distribution, p. 369.) 

The greater occipital nerve pierces the trapezius 
muscle and fascia. Movements of the head and neck in 
the direction of contracting or stretching the trapezius 
may elicit pain in the area of the back of the head and 
the cervical region. (See occipital headache, p. 159.) 
Note also the following: 


Supinator with radial nerve (23, 30). 

Pronator with median nerve (23, 27, 30). 

Flexor carpi ulnaris with ulnar nerve (19). 

Lateral head of the triceps with radial nerve 
(23, 30). 

Trapezius with greater occipital nerve (19). 

Scalenus medius with C5 and C6 root of the 
plexus and long thoracic nerve (19). 

Coracobrachialis with musculocutaneous nerve 
(23,27). 













MUSCULOSKELETAL PROBLEMS 


This section presents some of the concepts and clinical 
approaches regarding evaluation and treatment that are 
pertinent to the discussion of painful musculoskeletal 
problems. 


MECHANICAL CAUSES OF PAIN 


Pain—whether it is in the muscle, the joint, or the nerve 
itself{—is a response of the nerve. Regardless of where 
the stimulus may arise, the sensation of pain is con- 
ducted by nerve fibers. The mechanical factors that give 
rise to pain must, therefore, directly affect the nerve 
fibers. Two such factors need to be considered in prob- 
lems of faulty body mechanics. 


Pressure on nerve root, trunk, nerve branches, or 
nerve endings may be caused by some adjacent, 
firm structure, such as bone, cartilage, fascia, 
scar tissue, or taut muscle. Pain resulting from 
an enlarged ligamentum flavum or a protruded 
disk exemplifies nerve root pressure. The 
scalenus amicus syndrome in cases of arm pain 
and the piriformis syndrome in cases of sciatica 
are examples of peripheral nerve irritation. 


Tension on structures containing nerve endings 
that are sensitive to deformation, as found in 
stretch or strain of muscles, tendons, or liga- 
ments, can cause slight or excruciating pain, 
depending on the severity of the strain. Forces 
within the body that exert an injurious tension 
resulting in strain of soft tissue usually arise 
from a prolonged distortion of bony alignment 
or from a sudden muscle pull. 


Distribution of pain along the course of the involved 
nerve and the areas of cutaneous sensory disturbance are 
aids in determining the site of the lesion. Pain may be 
localized below the level of direct involvement or be 
widespread because of reflex or referred pain. In a root 
lesion, pain tends to extend from the origin of the nerve 
to its periphery, and cutaneous sensory involvement is 
on a dermatome basis. 

Peripheral nerve involvement is often distinguished 
by pain below the level of the lesion. Most peripheral 
nerves contain both sensory and motor fibers. Symptoms 
of pain or tingling usually appear in the cutaneous areas 
that are supplied by the nerve before numbness or weak- 
ness becomes apparent. Numerous muscles are supplied 
by nerves that are purely motor to the muscle, however, 
and symptoms of weakness can appear without previous 
or concurrent symptoms of pain or tingling. (For further 
details, see p. 252.) 


MUSCLE SPASM 


Spasm is an involuntary contraction of a muscle or a 
segment within a muscle that results from painful nerve 
stimulation. Irritation from root, plexus, or peripheral 
nerve branch level will tend to cause spasm of a number 
of muscles, whereas spasm caused by irritation of the 
nerve endings within a muscle may be limited to the 
muscle involved or be widespread because of reflex pain 
mechanisms. 


Treatment of muscle spasm depends on the type of 
spasm. Relief of spasm resulting from initial nerve irri- 
tation of the root, trunk, or peripheral branch must de- 
pend on relief of such nerve irritation. Aggressive treat- 
ment of the muscle or muscles in spasm will tend 10 
aggravate the symptoms. For example, avoid the use of 
heat, massage, and stretching of the hamstring muscles 
in cases of acute sciatica. Rigid immobilization of the 
extremity is also contraindicated. 


Protective spasm may occur secondary to injury of 
underlying structures, such as a ligament or bone. This 
protective "splinting," such as often occurs following a 
back injury, prevents movement and further irritation of 
the injured structure. Protective spasm should be treated 
by application of a protective support to relieve the mus- 
cles of this extraordinary function. Muscle spasm tends 
to subside rapidly, and pain diminishes, when a support 
is applied. As the muscles relax, the support maintains 
the function of protection to permit healing of whatever 
underlying injury gave rise to the protective muscle re- 
sponse. 

Besides the relief from restriction of motion, the 
support gives added relief by putting pressure on the 
muscles in spasm. The positive response to direct 
pressure on the muscle distinguishes this type of 
spasm from that caused by initial nerve irritation. In 
the low back, where protective muscle spasm fre- 
quently occurs, a brace with a lumbar pad, or a corset 
with posterior stays bent to conform to the contour of 
the low back, may be used for both immobilization 
and pressure. 

In most instances, one may assume that the under- 
lying disturbance is severe enough to require the use of 
a support for at least a few days to permit healing. How- 
ever, it is not uncommon to find, when the acute onset 
of pain is caused by a sudden exaggeration of move- 
ment, that a rigid posture persists because of the pa- 
tient's fear of movement rather than because of the con- 
tinued need for a protective reaction. Because of this 
possibility, it is often useful to apply heat and gentle 
massage as a diagnostic aid in determining the extent of 
protective reaction. 
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Segmental muscle spasm is an involuntary con- 
traction of the uninjured segment of a muscle as a re- 
sult of an injury to the muscle. The contraction of this 
part puts tension on the injured part, and a condition 
of strain is present. Pain associated with tension within 
the muscle may be outlined by the margins of the mus- 
cle or be widespread because of reflex or referred pain 
mechanisms. Treatment requires immobilization in a 
position that relieves tension on the affected muscle. A 
positive response may also be obtained by gentle, lo- 
calized massage to the area in spasm. 


Muscle spasm associated with tendon injury differs 
from the above when the tension is exerted on the ten- 
don rather than on a part of the muscle. Tendons contain 
many nerve endings that are sensitive to stretch, and 
pain associated with tendon injury tends to be severe. 


ADAPTIVE SHORTENING 


Adaptive shortening is tightness that results from the 
muscle remaining in a shortened position. Unless the op- 
posing muscle is able to pull the part back to neutral po- 
sition or some outside force is exerted to lengthen the 
short muscle, the muscle in question will remain in a 
shortened condition. 

Shortness represents a slight to moderate decrease 
in muscle length and results in a corresponding restric- 
tion of range of motion. It is considered to be reversible, 
but stretching movements must be done gradually to 
avoid damaging the tissue structures. A period of several 
weeks is usually necessary for restoration of mobility in 
muscles exhibiting moderate tightness. 

Individuals who must spend most of the day in wheel- 
chairs or in sedentary sitting positions may develop adap- 
tive shortening in the one-joint hip flexors (iliopsoas). 
Prolonged sitting with the knees partially extended places 
the foot in a position of plantar flexion, and may result 
in adaptive shortening of the soleus. Women who wear 
high-heeled shoes much of the time may also develop 
adaptive shortening of the soleus. Such shortness can af- 
fect both balance and standing alignment. 


STRETCH WEAKNESS 


Stretch weakness is defined as weakness that results 
from muscles remaining in an elongated condition, 
however slight, beyond the neutral physiological rest 
position but not beyond the normal range of muscle 
length. The concept relates to the duration rather than 
the severity of the faulty alignment. (It does not refer 
to overstretch, which means beyond the normal range 
of muscle length.) 
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Many cases of stretch weakness have responded to 
treatment that supported the muscles in a favorable po- 
sition, even though the muscles had been weak or par- 
tially paralyzed for a long time—even as long as several 
years after onset of the initial problem. (See p. 108.) Re- 
turn of strength in such instances indicates that damage 
to the muscles was not irreparable. 

A familiar example of stretch weakness superimposed 
on a normal muscle is the footdrop that may develop in a 
bedridden patient as a result of bed clothes holding the 
foot in plantar flexion. Weakness in the dorsiflexors results 
from the continuous stretch on these muscles even though 
there is no neurological involvement. 

Stretch weakness superimposed on muscles affected 
by anterior horn cell involvement was seen numerous 
times in patients with poliomyelitis. (See example, Chap- 
ter 2, p. 108.) 

Stretch weakness superimposed on a lesion of the 
central nervous system has been observed in patients 
with multiple sclerosis, especially with regard to the 
wrist extensors and ankle dorsiflexors. Stretching op- 
posing muscles that have become shortened and apply- 
ing a support in the form of a cock-up splint for the wrist 
or an orthosis for the ankle have resulted in improved 
strength and functional ability. 

Stretch weakness of a less dramatic nature is fre- 
quently seen in cases of occupational and postural strain. 
The muscles most often affected have been one-joint 
muscles: gluteus medius and minimus, iliopsoas, hip ex- 
ternal rotators, abdominal muscles, and middle and low 
trapezius. 

Muscles exhibiting stretch weakness should not be 
treated by stretching or movement through the full 
range ofjoint motion in the direction of elongating the 
weak muscles. The condition has resulted from contin- 
uous stretching, and it responds to immobilization in a 
physiological rest position for a sufficient period of 
time to allow recovery to occur. Realignment of the 
part, bringing it into a neutral position, and use of sup- 
portive measures to help restore and maintain such 
alignment until weak muscles recover strength are im- 
portant factors in treatment. Any opposing tightness 
that tends to hold the part out of alignment must be 
corrected to relieve tension on the weak muscles. Faulty 
occupational positions that impose continuous tension 
on certain muscles must also be adjusted or corrected. 
Care must be taken not to overwork a muscle that has 
been subjected to a prolonged tension stress. As the 
muscles improve in strength and become capable of 
maintaining the gain, the patient is expected to use the 
muscles by working to maintain proper muscle balance 
and good alignment. 



















TREATMENT PROCEDURES 


TRACTION 


Traction is a force that is used therapeutically to produce 
elongation or stretch of joint structures and/or muscles. 
Properly applied, the force pulls in the direction of sepa- 
ration or distraction of extremity joints or vertebral bod- 
ies. Traction may be applied manually; a mechanical trac- 
tion device, static weights, or positional distraction may 
also be used. Therapeutic effects include relief of pain and 
spasm, reduction or prevention of adhesions, stretching of 
tight musculature, and improved circulation. 


MASSAGE 


Massage is often underrated and underutilized as a ther- 
apeutic procedure. When applied correctly, it can be 
very effective in the management of musculoskeletal 
conditions. The purposes for which it is used are 
chiefly to improve circulation, promote relaxation of 
muscles, help loosen scar tissue, and stretch tight mus- 
cles and fasciae. A gentle, relaxing massage is effective 
in relieving muscle spasm (as seen in cases of protective 
spasm). 

Prior application of gentle, superficial heat often 
improves the response. Because of the relaxing effect of 
massage, it should not be used when dealing with 
stretched muscles that are weak. (See below for treat- 
ment of paralyzed muscles.) 

Relief of symptoms is sometimes almost immedi- 
ate, confirming the appropriateness of this approach. 
The technique utilized, area of application, and both the 
direction and duration of the massage should be appro- 
priate to the soft-tissue dysfunction, patient tolerance, 
and desired outcome of treatment. Stretching massage is 
invaluable in the corrective treatment of muscles and 
fasciae shortened by long-standing postural faults or im- 
mobilization. The patient response elicited is often that 
of "a hurt that feels good," and the effective stretch en- 
ables the tight muscles to "let go." The correct technique 
employs firm-but-gentle, kneading strokes specific to 
the tissues and in a direction toward the heart. Some- 
times, however, massage in the opposite direction is 
more effective. 


Massage is also appropriate when the goal is to re- 
lieve excessive edema that restricts motion. Swelling 
usually occurs distally after surgery, trauma and pro- 
longed dependency and disuse. The affected part should 
be in an elevated position, and the massage should be 
carefully applied using firm, smooth pressure in a distal- 
to-proximal direction (toward the heart). 


When stretching is indicated, tight muscles should 
be stretched in a manner that is not injurious either to 
the part or to the body as a whole. Range of motion 
should be increased to permit normal joint function un- 
less restriction of motion is a desired end result for the 
sake of stability. 





EXERCISE 


Muscles possess the capacity to actively contract and to 
be passively elongated. The quality of elasticity of mus- 
cles depends on a combination of these two characteris- 
tics. Exercises are used to strengthen weak muscles and 
to lengthen short muscles for the purpose of restoring, as 
nearly as possible, the elasticity on which normal muscle 
function depends. Exercises are also used to increase en- 
durance, improve coordination, and restore function. 


Stretching movements must be done gradually to 
avoid damaging tissue structures. Tightness that has oc- 
curred over a period of time must be given a reasonable 
period of time for correction. Several weeks are usually 
necessary for restoration of mobility in muscles exhibit- 
ing moderate tightness. 

Treatment of muscle weakness resulting from stretch 
and disuse requires consideration of the underlying 
causes. In cases of faulty body mechanics, numerous in- 
stances of muscle stretch weakness are seen, but the el- 
ement of disuse atrophy is much less common. 

Muscles that are paralyzed or weakened by disease 
or injury require special care in their handling and treat- 
ment. Muscles that are undergoing denervation atrophy 
are more delicate than normal muscles, and they can he 
injured by treatment that would not be injurious to nor- 
mal muscles. "Trauma to the delicate atrophic fibers in 
the first months of atrophy undoubtedly hastens the 
process of degeneration" (31). 

Muscles that are incapable of movement need treat- 
ment to stimulate circulation and to help keep the mus- 
cles pliable. Mild heat and massage are indicated, but 
the massage must be gentle. Paralyzed or denervated 
muscles are extremely vulnerable to secondary involve- 
ment due to careless handling or overtreatment. Sunder- 
land states that one of the objectives of treatment is to 
"maintain paralyzed muscles at rest and protect them 
from being overstretched or permanently shortened by 
interstitial fibrosis" (19). 

The rational approach to treatment consists of main- 
taining a functional range of motion to prevent joint 
stiffness, to move joints to full range of motion in the di- 
rection of stretching normal muscles, but to use great 
care when moving in the direction of elongating the 
weak or paralyzed muscle. Weak muscles that have lost 
strength when subjected to stretching procedures have 
then regained strength with the only change in treatment 
being to restrict the range of stretching. 


ELECTRICAL STIMULATION 


Many types of electrical stimulation modalities are cur- 
rently available for use in treatment programs regarding 
pain control, muscle reeducation, or management of 
edema. Some are effective, if used judiciously, as an ad- 
junct in a well-planned treatment program. 
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SUPPORTS 


Supports are used for various reasons: to immobilize a 
part, to correct faulty alignment, to relieve strain on 
weak muscles, to facilitate function, and to restrict move- 
ment in a given direction. Correction of alignment faults 
associated with weakness often requires supportive 
measures. However, such measures may not be effective 
if tightness exists in the muscles that oppose the weak 
ones. Application of a support in a faulty position will 
not relieve strain; the contracted muscle must be 
stretched. 

The question frequently arises whether persons with 
weak abdominal muscles should be advised to wear a 
support. Would the support be relied on to such an ex- 
tent that the muscles will get weaker? If muscle and pos- 
ture testing procedures are employed, trial and error can 
be minimized in determining when to use supportive 
measures. The degree of weakness and extent of faulty 
alignment help to determine whether a support is neces- 
sary. Extreme weakness caused by strain or fatigue may 
require temporary bed rest or restriction of movement 
of the affected part by the application of a support. Mod- 
erate weakness may or may not require support— 
depending, to a great extent, on the occupation of the in- 
dividual. Mild weakness of muscles will usually respond 
to localized exercise without support or reduction of 
functional activity. In terms of abdominal muscle 
strength, adults who grade fair or less need a support. 


It is often difficult to convince an individual that 
wearing a support will help to bring about an increase in 
the strength of the weak muscles. Such a statement ap- 
pears to be contrary to general knowledge that exercise 
and activity increase muscle strength. One must explain 
to the patient that instead of the particular muscle weak- 
ness being caused by lack of exercise, it is caused by 
continuous strain. The support will relieve the postural 
strain and allow the muscles to function in a more nearly 
normal position. 

Whenever a support has been applied, another ques- 
tion arises: How long will the support be needed? The 
support will need to be permanent only if the part that is 
being supported has been irreparably weakened (e.g., by 
paralysis or injury). Most conditions of muscle weak- 
ness associated with postural faults, however, can be 
corrected, and supports need be only temporary until 
muscle strength has been restored. If no treatment other 
than the support is used, the individual may become de- 
pendent on the support and reluctant to remove it. If it 
is understood, however, that therapeutic exercises are to 
supplement the wearing of the support so that it may 
later be abandoned, then supports become only an aid to 
correction rather than a permanent part of treatment. 
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TREATMENT MODALITIES 


HEAT 


The therapeutic effects of heat include relief of pain and 
muscle spasm, decreased joint stiffness, increased exten- 
sibility of coUagen tissue, increased blood flow, and some 
assistance in resolution of inflammatory infiltrates (32). 
The relaxing properties of superficial heat make it an ef- 
fective modality in the treatment of tight or contracted 
muscles, relieving pain and spasm and facilitating stretch. 


Heat should not, however, be applied to muscles 
that are weak as a result of stretch, because further re- 
laxation of these muscles is not indicated. 

Heat should not be used in most acute conditions or 
over areas where sensation and circulation are impaired. 
Whirlpool-type heat is not advocated for patients with 
swelling, because it necessitates a dependent position of 
the arm or leg during treatment. If heat causes an in- 
crease in pain or feels "uncomfortable," this usually 
means that the type of heat being used is wrong or that 
it is excessive in duration or intensity. 

If used with care, deep heat, such as ultrasound, 
can be effective by increasing the extensibility of tight 
connective tissue, thereby increasing blood flow. 


COLD 


The vasoconstriction effect of cooling tissue makes 
superficial cold application an effective modality to re- 
duce pain and swelling/edema following trauma. In 
addition, therapeutic cold can be used to inhibit spas- 
ticity, to facilitate muscular contraction for various forms 
of neurogenic weakness, and for muscle re-education. 
Heat and cold are similar in that both cause analgesia, de- 
crease muscle spasm secondary to musculoskeletal 
pathology or nerve root irritation, and decrease spasticity 
resulting from upper motor neuron etiology. However, 
cold is more useful in reducing spasticity because the 
effects last longer. Cooling muscle tissue increases the 
ability of muscle to sustain voluntary contraction. 

There are a number of conditions for which thera- 
peutic cold should not be used. Cold should not be ap- 
plied to muscles when the following conditions are pres- 
ent: hypertension (due to secondary vasoconstriction), 
Raynauds disease, rheumatoid arthritis, local limb is- 
chemia, vascular impairment (e.g., frostbite or arte- 
rioscleroris), cold allergy (cold urticaria), paroxysmal 
cold hemoglobinuria, cryoglobulinemia or any disease 
that produces a marked cold pressor response. 

The most common methods of cold application in- 
clude cold packs, cold immersion and ice massage. Spray 
and stretch is an application of cryotherapy with a vapo- 
coolant spray, which then is followed by stretching of the 
involved muscles (32). 
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CLASSIC KENDALL 


When someone asks "How do you treat poliomyelitis?" there is no specific answer be- 
cause every patient requires a different approach in treatment. In considering the treat- 
ment of the individual case, the following questions must be answered: 


How long since onset? 

How old is the patient? 

What is the extent of involvement at present? 

What was the extent of original involvement? 

How much improvement has there been in individual muscles? 


What kind of treatment has the patient had thus far? 


Time since onset is important because treatment varies in many respects with the 
stage of the disease. The relation between duration of the disease and improvement 
aids in determining prognosis. 

Age of the patient is very important because underlying bony and ligamentous 
structural variations must be considered in relation to treatment. 

A comparison between the extent of the original and present involvement is im- 
portant in considering further course of treatment. 

The kind of treatment to date is important for various reasons: 

Treatment which has allowed unnecessary contractures to develop distorts the 
poliomyelitis picture. Such contractures create a superimposed stretch weakness on 
opposing muscles. Neither an accurate diagnosis nor prognosis can be made until 
such secondary superimposed factors are corrected. 

Treatment which causes stretch and relaxation of joint structures superimposes an 
even more serious problem than muscle contracture. It is more difficult to restore nor- 
mal tightness to stretched ligaments than it is to restore joint motion in cases of some 
muscle tightness. One cannot determine accurately the power of a muscle if the joint 
is so relaxed that the muscle does not have a stable joint on which to act. 

Early excessive and prolonged heat treatment tends to distort the degree of in- 
volvement. The basic reason for the use of the heat, in itself, explains this phenome- 
non. Heat is used to relax muscles and to act as a general sedative. When continuous 
and prolonged heat is applied, muscles lack their normal contractility. We observed an 
unusual situation in many 1944 poliomyelitis patients transferred from an isolation 
hospital where heat and stretching movements were employed in the early stage of the 
disease. Upon admission to the orthopedic hospital, more rest and less active treatment 
was instituted. There occurred a sudden, unexpected amount of improvement that was 
not at all typical of the usual course of progress in poliomyelitis muscles. Our expla- 
nation for this rapid improvement is that on top of poliomyelitis weakness, which was 
not pronounced, there was superimposed a weakness due to too much heat and ma- 
nipulation, which cleared up when such treatment was stopped. 





Prolonged immobilization, which permits joint stiffness or unnecessary disuse 
atrophy to develop, also distorts the poliomyelitis picture and prolongs recovery. 


Reprinted from the Physiotherapy Review, Vol. 27, No. 3, May-June, 1947; with per- 
mission. 
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INTRODUCTION 


Functional manual muscle tests are necessary parts of 
diagnostic procedures in the field of neuromuscular dis- 
orders. They were essential tools in the early evaluation 
of patients with polio. 

The pattern of muscle weakness enabled the exam- 
iner to determine the type and location of a neuromus- 
cular lesion. Weakness of specific muscles helped to in- 
dicate which spinal motor neurons were involved. 

Although polio has been eradicated in most parts of 
the world, it remains endemic in some countries and 
poses a serious health threat. In 2003, a polio outbreak 
in Nigeria spread to neighboring countries and put 15 
million children at risk (33). In the first six months of 
2004, five times as many children in central and west 
Africa were paralyzed by polio than during the same pe- 
riod in 2003 (34). 

Also of great concern is the emergence in the west- 
ern hemisphere of West Nile Virus (WNV). According 
to the Centers for Disease Control and Prevention, 9,006 
cases of WNV infection were reported in 2003. This was 
more than double the 4,156 cases reported in 2002 (35). 
West Nile Virus can cause a polio-like syndrome of mus- 
cle weakness and paralysis, because it attacks the same 
motor cells in the spinal cord as are attacked in polio 
(36). Richard Bruno states that "nearly 1% of those af- 
fected with WNV have paralysis, almost the same per- 
centage as in those affected with polio viruses" (37). 


POSTPOLIO SYNDROME 


Although most doctors in the United States today 
have never seen the neuromuscular weakness and paral- 
ysis of acute polio, many of them are now confronted 
with former polio patients who are experiencing new 
muscle weakness, pain, fatigue and decreased endurance. 
Referred to as the Postpolio Syndrome (PPS), these af- 
ter effects of polio can appear anywhere from 10 to 40 
years after the initial attack (38). "The World Health Or- 
ganization estimates that 70 to 20 million polio survivors 
are alive worldwide, and some estimates suggest that 4 to 
8 million of them may get PPS" (39). 

Nearly 2 million North Americans alive today had 
polio 50 years ago (37). Estimates vary, but as many as 
50% of these people may be affected by PPS (40). Many 





POLIO AND POSTPOLIO MUSCLE TESTS 


of these former patients had recovered good strength and 
mobility and considered themselves to be cured. The re- 
currence of old weaknesses and the appearance of new 
ones can be extremely challenging and difficult, both 
psychologically and physically, for the patient. Many 
people who had felt they had conquered the disease 
when they were able to discard their braces, supports, 
canes and wheelchairs are now being told these same 
aids may once again be necessary to protect and pre- 
serve existing strength. 

Unlike earlier treatments, however, the goal may no 
longer be the return of muscle strength. Instead, the 
weakness associated with PPS is often the result of long- 
term overuse and substitution of muscles. To restore 
muscle balance and preserve strength, treatment usually 
entails some limitation or curtailment of activity and the 
use of protective supports. 


DIAGNOSIS OF PPS 


The diagnosis of PPS is established by excluding other 
neuromuscular disorders. People who suffered polio 
many years ago may present with a wide variety of 
symptoms. This constellation of symptoms can mimic or 
overlap those of other disorders, such as multiple scle- 
rosis, amyotrophic lateral sclerosis, Gullain-Barre' syn- 
drome, fibromyalgia, and osteoarthritis. 

Lauro Halstead, M.D., believes that new weakness 
is the hallmark symptom of PPS. 


When new weakness appears in muscles previously af- 
fected by the polio and/or muscles thought to be unaf- 
fected originally, it may or may not be accompanied by 
other symptoms. This is a crucial point to recognize—a 
patient can have PPS even if new weakness is the only 


symptom (41). 


Some controversy exists regarding the exact role 
and value of manual muscle tests in the evaluation of 
patients with PPS. Debate centers on the argument that 
such a test measures only the strength at the moment 
of testing, whereas the problem for the patients may 
be not so much a loss in strength but a loss of ability 
to maintain strength after exercise or exertion. There 
is increased muscle fatigue, which leads to more fre- 
quent episodes of weakness or gradual progressive 
weakness. 
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POLIO AND POSTPOLIO MUSCLE TESTS 


A single test may show a muscle that grades as nor- 
mal even though it has lost 50% of the motor neurons 
that originally supplied it (42, 43). In other words, half 
a muscle's reserve may be lost before clinical symptoms 
of weakness are observed (44, 45). 

In addition to the loss of reserve, there may be 
motor unit dysfunction. Patients experience a return of 
old weaknesses when motor units can no longer sus- 
tain the increased workload of their adopted muscle 
fibers. 

To develop the best treatment plan, it would be help- 
ful for the clinician to know whether the weakness ex- 
perienced is in the muscles that were originally involved, 
or is a "new" weakness occurring in muscles that were 
not previously affected but are now weakened because 
of years of overuse and substitution, or is it a combina- 
tion of the two? 

Manual muscle tests can help to define the problem, 
especially when previous test results are available. A 
comparison of the data may show the return of old weak- 
nesses as well as the emergence of new weaknesses. In 
most cases, however, the original test results are no 
longer available, and in many cases, too few muscles 
were originally tested for a valid comparative analysis to 
be performed. 

The absence or inadequacy of records covering a 
long period of time has made it difficult to determine 
with any degree of accuracy the relationship between 
current and past symptoms. By providing the results of 
manual muscle tests done over a span of 50 years, this 
edition contains a long-term case study that should be of 
interest to all clinicians and persons affected by postpo- 
lio sequelae. 

Determining both the nature and the extent of weak- 
ness is essential. What is needed in addition to baseline 
manual muscle tests (or muscle tests done every few 
months) are tests of selected muscles after periods of ex- 
ercise or exertion. Data from specific protocols for serial 
muscle testing of normal individuals and patients with 
PPS immediately after exercise will enable the clinician 
to design more appropriate and individualized treatment 
plans. 

Findings from such serial tests will help to answer 
the question of whether exercise should be prescribed 








and, if so, how much and what kind. James Aston, M.D., 
has suggested the following: 


Any muscle being considered for exercise should be strong 
enough to withstand more than the force of gravity and 

should be retested two or three times after the patient 

takes а I- to 2-minute walk. Any decline in strength after 

the walk indicates that the muscle has no reserve and 

should not be exercised (44). 


Treatment of the patients with PPS is clinically very 
challenging. Patricia Andres has summarized the role of 
the physical therapist as follows: 


Physical therapy management of the PPS patient should 
focus on restoring postural alignment by (Т) use of or- 
thotics &/or assistive devices and (2) exercises that stretch 
tight, overworked muscles combined with nonfatiguing 
exercises of weak, overstretched muscles in the shortened 
range (46). 


Clinicians should also refer to the Classic Kendall 
section on page 38. Although it was written specifically 
for patients with polio, it is applicable to patients with 
PPS and to anyone—including those with WNV infec- 
tion—suffering from weakness or paralysis because of 
anterior horn cell involvement. 


EXPLANATION OF 
POLIO/POSTPOLIO CHARTS 


The compilation of six upper extremity, trunk, and lower 
extremity muscle tests on one patient with polio over a 
50-year period by only two examiners gives a rare, com- 
prehensive picture regarding the history of this disease 
in one individual. 

Six of nine recorded tests are presented in this text. 
At the time of the first exam, this male patient was 17 
years old. He was 67 when last tested. 

Not all of the same muscles were tested during each 
exam. The decision of which muscles to test was based 
on the patient's particular complaint or pain at the time 
of testing, previous test results, and the examiner's dis- 
cretion. 

The neck, trunk and upper and lower extremities 
were all affected by polio. The lower extremity was 
more involved than the upper extremity. 
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UPPER EXTREMITY 
Examiners and test dates: 


HOK: 10/18/49, 2/21/50, 8/30/50 
FPK: 2/5/90, 2/21/92, 10/7/99 


During the initial examination, nine muscles demon- 
strated marked weakness. Less than a year later, only 
three muscles remained in that category. 

Two muscles never regained adequate strength, and 
what little strength they had diminished to zero or trace 
levels 50 years later. 

Only 22 of 84 muscles tested showed good to nor- 
mal strength (i.e., score of 8-10) when first tested. Less 
than a year later, 59 of 67 muscles had regained good to 
normal strength. 

Forty-two years after the first test, with 94 muscles 
having been tested, 4 muscles remained only moderately 
strong and 2 muscles significantly weak. Only one mus- 
cle tested, the right opponens pollicis, tested as weaker 
than when it was first examined. 

Fifty years later, the left lower trapezius, right op- 
ponens pollicis, and right abductor pollicis brevis had 
lost strength. The latter two tested weaker than they had 
on the initial exam. Loss of regained strength was noted 
in five muscles of the left upper extremity. Other than 
the two with marked weakness, the right upper extrem- 
ity muscles were not tested at this time. 


POLIO AND POSTPOLIO MUSCLE TESTS 


LOWER EXTREMITY 
Examiners and test dates: 


HOK: 10/18/49, 2/21/50, 4/31/51, 5/16/68 
FPK: 1/26/90, 10/7/99 


During the initial examination, 87 muscles were 
tested. Marked weakness (i.e., score of less than 5) was 
found in 17 muscles and some weakness (i.e., score of 
5-7) was found in 70 muscles. Good strength (i.e., score 
of 8-10) was found in only three muscles. 

Six months later, marked weakness remained in only 
1 muscle, some weakness in 16 muscles, and good 
strength in 63 muscles. 

Nineteen years after the first test, marked weakness 
persisted in the tibialis anterior, with some weakness in 
24 muscles and good strength in 58 muscles. 

Fifty years later, marked weakness was noted in 
four muscles and good strength in 46 muscles. 


Note: Grading was originally done on a scale of 
0 to 100 to indicate the percentage of strength in a 
muscle. These numbers have been converted to a 
scale ofOto 10 in keeping with the grading system 
presented in this text. Conversion to a scale ofOto 
5 can be made by referring to the Key to Grading 
Symbols on page 23. 
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KüLIO AND POSTPOUO MUSCLE TESTS, 
1949-1999 







UPPER EXTREMITY MUSCLE CHART 


PATIENT'S NAME CUNIC No. 
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NECK, TRUNK, AND LOWER EXTREMITY MUSCLE CHART 


PATIENT'S NAME CLINIC No. 
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А. 1-26-90 Quadriceps - cannot extend last 15° 


of knee in sitting 





B._1-26-90 Cannot rise оп toes one foot 


at a time but can come up when rising on both at the 





same time but with some forward displacement of the body 








€. 1O-7-99 Cannot rise on toes one foot at a time 
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44 LATE COMPLICATIONS OF POLIO 
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Schematic model showing three possible causes for late neuromuscular and 
musculoskeletal complications of polio and their interactions. (Adapted from 
47 with permission). 
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INTRODUCTION 


Good posture is a good habit that contributes to the well- 
being of the individual. The structure and function of the 
body provide the potential for attaining and maintaining 
good posture. 

Conversely, bad posture is a bad habit and, unfortu- 
nately, is all too common (I). Postural faults have their 
origin in the misuse of the capacities provided by the 
body, not in the structure and function of the normal 
body. 

If faulty posture were merely an aesthetic problem, 
the concerns about it might be limited to those regard- 
ing appearance. However, postural faults that persist can 
give rise to discomfort, pain, or disability (1-5). The 
range of effects, from discomfort to incapacitating dis- 
ability, is often related to the severity and persistence of 
the faults. 

Discussion of the importance of good posture 
springs from a recognition of the prevalence of postural 
problems, associated painful conditions and wasted hu- 
man resources. This text attempts to define the concepts 
of good posture, to analyze postural faults, to present 
treatments, and to discuss some of the developmental 
factors and environmental influences that affect posture. 
The objective is to help decrease the incidence of pos- 
tural faults resulting in painful conditions. 

Cultural patterns of modern civilization add to the 
stresses on the basic structures of the human body by 
imposing increasingly specialized activities. It is neces- 
sary to provide compensatory influences to achieve op- 
timum function under our mode of life. 

The high incidence of postural faults in adults is 
related to this tendency toward a highly specialized or 
repetitive pattern of activity (1,3). Correction of the ex- 
isting conditions depends on understanding the under- 
lying influences and implementing a program of posi- 
tive and preventive educational measures. Both require 





an understanding of the mechanics of the body and its 
response to the stresses and strains imposed on it. 

Inherent in the concept of good body mechanics 
are the inseparable qualities of alignment and muscle 
balance. Examination and treatment procedures are di- 
rected toward restoration and preservation of good body 
mechanics in posture and movement. Therapeutic exer- 
cises to strengthen weak muscles and to stretch tight 
muscles are the chief means by which muscle balance 
is restored. 

Good body mechanics requires that range of joint 
motion be adequate but not excessive. Normal flexibil- 
ity is an attribute; excessive flexibility is not. A basic 
principle regarding joint movements can be summarized 
as follows: the more flexibility, the less stability; the 
more stability, the less flexibility. A problem arises, 
however, because skilled performance in a variety of 
sport, dance, and acrobatic activities requires excessive 
flexibility and muscle length. Although "the more, the 
better" may.apply.to improving the skill of performance, 
it may adversely affect the well-being of the performer. 

The following definition of posture was included in 
a report by the Posture Committee of the American Acad- 
emy of Orthopedic Surgeons (6). It is so well stated that 
it bears repeating. 


"Posture is usually defined as the relative arrangement of 
the parts of the body. Good posture is that state of mus- 
cular and skeletal balance which protects die supporting 
structures of the body against injury or progressive de- 
formity, irrespective of the attitude (erect, lying, squat- 
ting, or stooping) in which these structures are working or 
resting. Under such conditions the muscles will function 
most efficiently and the optimum positions are afforded 
for the thoracic and abdominal organs. Poor posture is a 
faulty relationship of the various parts of the body which 
produces increased strain on the supporting structures and 
in which there is less efficient balance of the body over 


its base of support." 
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SECTION I: FUNDAMENTALS OF POSTURE 


POSTURE AND PAIN 


Painful conditions associated with faulty body mechan- 
ics are so common that most adults have some firsthand 
knowledge of these problems. Painful low backs have 
been the most frequent complaints, although cases of 
neck, shoulder, and arm pain have become increasingly 
prevalent (1,3,5). With the current emphasis on running, 
foot and knee problems are common (7,8). 

When discussing pain in relation to postural faults, 
questions are often asked about why many cases of faulty 
posture exist without symptoms of pain, and why seem- 
ingly mild postural defects give rise to symptoms of 
mechanical and muscular strain. The answer to both de- 
pends on the constancy of the fault. 

A posture may appear to be very faulty, yet the indi- 
vidual may be flexible and the position of the body may 
change readily. Alternatively, a posture may appear to be 
good, but stiffness or muscle tightness may so limit mo- 
bility that the position of the body cannot change readily. 
The lack of mobility, which is not apparent as an align- 
ment fault but which is detected in tests for flexibility 
and muscle length, may be the more significant factor. 

Basic to an understanding of pain in relation to 
faulty posture is the concept that the cumulative effects 
of constant or repeated small stresses over a long period 
of time can give rise to the same kind of difficulties that 
occur with a sudden, severe stress. 

Cases of postural pain are extremely variable in the 
manner of onset and in the severity of symptoms. In some 
cases, only acute symptoms appear, usually as a result of 
an unusual stress or injury. Other cases have an acute 
onset and develop chronically painful symptoms. Still 
others exhibit chronic symptoms that later become acute. 

Symptoms associated with an acute onset are often 
widespread. Measures to relieve pain are indicated for 
these patients. Only after acute symptoms have subsided 
can tests for underlying faults in alignment and muscle 
balance be done and specific therapeutic measures be 
instituted. 

Important differences exist between treatment of an 
acutely painful condition and that of a chronic one. A 
given procedure may be recognized and accepted as 
therapeutic if it is applied at the proper time. Applied at 
the wrong time, this same procedure may be ineffective 
or even harmful. 






Just like an injured neck, shoulder, or ankle, an in- 
jured back may need support. Nature's way of providing 


protection is by "protective muscle spasm," or "muscle 
guarding," in which the back muscles hold the back rigid 
to prevent painful movements. Muscles can become sec- 
ondarily involved, however, when they are overburdened 
by the work of protecting the back. Use of an appropri- 
ate support to immobilize the back temporarily relieves 
the muscles of this function and permits healing of the 
underlying injury. When a support is applied, protective 
muscle spasm tends to subside rapidly, and pain dimin- 
ishes. 

Immobilization is often a necessary expedient for 
the relief of pain, but stiffness of the body part is not a 
desirable end result. The patient should understand that 
a transition from the acute stage to the recovery stage 
requires moving from immobilization to restoration of 
normal motion. Continuing use of a support that should 
have been discarded will perpetuate a problem that might 
otherwise resolve. 


| PRINCIPLES OF ALIGNMENT, JOINTS 


| AND MUSCLES 


| Evaluating and treating postural problems requires an 
understanding of the basic principles relating to 
alignment, joints and muscles: 





* Faulty alignment results in undue stress and 
strain on bones, joints, ligaments and muscles. 

* Joint positions indicate which muscles appear 
to be elongated and which appear to be 
shortened. 

* A relationship exists between alignment and 
muscle test findings if posture is habitual. 

* Muscle shortness holds the origin and insertion 
of the muscle closer together. 

* Adaptive shortening can develop in muscles 
that remain in a shortened condition. 

* Muscle weakness allows separation of the 
origin and insertion of the muscle. 





* Stretch weakness can occur in one-joint 
muscles that remain in an elongated condition. 
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BODY SEGMENTS 


Posture is a composite of the positions of all the joints 
of the body at any given moment, and static postural 
alignment is best described in terms of the positions of 
the various joints and body segments. This chapter pro- 






LS OF POSTURE 


vides basic information about anatomical positions, axes, 
planes and movements of joints. This information is es- 
sential when analyzing postural alignment. 

Posture may also be described in terms of muscle 
balance. This chapter describes the muscle balance or 
imbalance associated with static postural positions. 
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FUNDAMENTALS OF POSTURE 


ANATOMICAL POSITION 


The anatomical position of the body is an erect posture, 
with face forward, arms at sides, palms forward and fin- 
gers and thumb in extension. This is the position of ref- 
erence for definitions and descriptions of body planes 


and axes. 
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Axes are lines, real or imaginary, about which move- 
ment takes place. Related to the planes of reference seen 
on the next page are three basic types of axes at right 
angles to each other: (9) 


1.A sagittal axis lies in the sagittal plane and extends 
horizontally from front to back. The movements of 
abduction and adduction take place about this axis 
in a coronal plane. 


2. A coronal axis lies in the coronal plane and extends 
horizontally from side to side. The movements of 


ZERO POSITION 


The zero position is the same as the anatomical position, 
except that the hands face toward the body and the fore 
arms are midway between supination and pronation. 


flexion and extension take place about this axis in a 
sagittal plane. 


3. A longitudinal axis extends vertically in a cranial- 
caudal direction. The movements of medial and lat- 
eral rotation and horizontal abduction and adduction 
of the shoulder take place about this axis in a trans- 
verse plane. 


The exceptions to these general definitions occur 


with respect to movements of the scapula, clavicle and 
thumb. 
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Sagittal plane 


PLANES 


The three basic planes of reference are derived from the 
dimensions in space and are at right angles to each 


other: (9) 


1. A sagittal plane is vertical and extends from front to 
back, deriving its name from the direction of the sagit- 
tal suture of the skull. It may also be called an antero- 
posterior plane. The median sagittal plane, or mid- 
sagittal, divides the body into right and left halves. 

2. A coronal plane is vertical and extends from side 
to side, deriving its name from the direction of the 
coronal suture of the skull. It is also called the 
frontal or lateral plane, and it divides the body into 
an anterior and a posterior portion. 

3. A transverse plane is horizontal and divides the body 
into upper (cranial) and lower (caudal) portions. 


The point at which the three midplanes of the body 
intersect is the center of gravity. 


D Coronal plane 


FUNDAMENTALS OF POSTURE 








Transverse plane 


Center of Gravity: Every mass or body is composed 
of a multitude of small particles that are pulled toward 
the earth in accordance with the law of gravitation. 
This attraction of gravity on the particles of the body 
produces a system of practically parallel forces, and 
the result of these forces acting vertically downward is 
the weight of the body. It is possible to locate a point 
at which a single force, equal in magnitude to the 
weight of the body and acting vertically upward, may 
be applied so that the body will remain in equilibrium 
in any position. This point is called the center of grav- 
ity of the body, and it may be described as the point at 
which the entire weight of the body may be considered 
to be concentrated (10). In an ideally aligned posture 
in a so-called average adult human being, the center of 
gravity is considered to be slightly anterior to the first 
or second sacral segment. 


Line of Gravity: The line of gravity is a vertical line 
through the center of gravity. 
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MOVEMENTS IN THE CORONAL PLANE 


FLEXION AND EXTENSION 


A coronal axis extends horizontally from side to side 
and lies in the coronal plane. If the coronal plane could 
bend at one of its axes, it would only bend forward and 
backward. It would not bend sideways or twist on itself. 

The coronal plane cannot bend, but the body can 
bend. In moving forward and backward from this plane 
(1.е., in a sagittal direction), the body movements of flex- 
ion and extension occur. 

Flexion is the movement of bending forward (i.e., in 
an anterior direction) for the head, neck, trunk, upper ex- 


i 


tremity and hip; and movement in the posterior direction 
for the knee, ankle and toes. 

Extension is movement in the direction opposite 
flexion (i.e., in a posterior direction) for the head, neck, 
trunk, upper extremity and hip; and movements in an an- 
terior direction for the knee, ankle and toes. 

The difference occurs because the developmental 
pattern of the lower extremities differs from that of the 
upper extremities. 

At an early stage, the limbs of the embryo are di- 
rected ventrally, the flexor surfaces medially, and the 
great toes and thumbs cranially. With further develop- 
ment, the limbs rotate 90° at their girdle articulation so 
that the thumbs turn laterally and the flexor surfaces of 
the upper extremities ventrally, while the great toes me- 
dially and the flexor surfaces of the lower extremities 
dorsally. As a result of this 90° rotation of the limbs in 
opposite directions, movement that approximates the 
hand and the anterior surface of the forearm is termed 
flexion, because it is performed by flexor muscles. Move- 
ment that approximates the foot and anterior surface of 
the leg is termed extension, because it is performed by 
extensor muscles. (For alternate terms regarding ankle 
motion, see p. 371). 
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Hyperextension is the term used to describe exces- 
sive movement in the direction of extension, as in hy- 
perextension of the knees. It is also used in reference 
to the increased lumbar curvature as in a lordosis with 
anterior pelvic tilt, or an increased cervical curvature 
as in a forward head position. In such instances, the 
range of motion through which the lumbar or cervical 
spine moves is not excessive, but the position of 
extension is greater than desirable from a postural 
standpoint. (See p. 67 and Figure D, p. 153.) 
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ABDUCTION AND ADDUCTION 


A sagittal axis extends horizontally from front to back 
and lies in the sagittal plane. If the sagittal plane 
could bend at one of its axes, it would only bend side- 
ways. It would not bend forward or backward or twist 
on itself. 

The sagittal plane cannot bend, but the body can 
bend. In moving sideways from this plane (i.e., in a coro- 




















nal direction), the movements of adduction and abduc- 
tion and lateral flexion take place. 

Abduction is movement away from, and adduction 
is movement toward, the midsagittal plane of the body 
for all parts of the extremities except the thumb, fingers, 
and toes (9). For the fingers, abduction and adduction 
are movements away from and toward the axial line that 
extends through the third digit. For the toes, the axial 
line extends through the second digit. For the thumb, see 
specific definitions on p. 258. 


LATERAL FLEXION 


Lateral flexion denotes lateral movements of the head, 
neck, and trunk. It occurs about a sagittal axis in a side- 
ways (i.e., coronal) direction. 


GLIDING 


Gliding movements occur when joint surfaces are flat or 
only slightly curved and one joint surface slides across 
the other. The translational motion of the scapula on the 
thorax is an example of a gliding movement. 


CIRCUMDUCTION 


Circumduction is movement that successively combines 
flexion, abduction, extension, and adduction in which 
the part being moved describes a cone. The proximal 
end of the extremity forms the apex of the cone, serving 
as a pivot, and the distal end circumscribes a circle. Such 
movements are possible only in ball-and-socket, condy- 


loid and saddle types of joints. 
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MOVEMENTS IN THE 
TRANSVERSE PLANE 





ROTATION 


A longitudinal axis is vertical, extending in a cranial- 
caudal direction. Rotation refers to movement around a 
longitudinal axis, in a transverse plane, for all areas of 
the body except the scapula and clavicle. 

In the extremities, rotation occurs about the anatom- 
ical axis except in the case of the femur, which rotates 
about a mechanical axis. (See p. 428.) In the extremities, 
the anterior surface of the extremity is used as a refer- 
ence area. Rotation of the anterior surface toward the 
midsagittal plane of the body is medial rotation, and that 
away from the midsagittal plane is lateral rotation. 

Because the head, neck, thorax and pelvis rotate 
about longitudinal axes in the midsagittal area, rotation 
cannot be named in reference to the midsagittal plane. 
Rotation of the head is described as rotation of the face 
toward the right or the left. Rotation of the thorax and 
pelvis generally are described as being clockwise or 
counterclockwise. With the transverse plane as a refer- 
ence and 12 o'clock at midpoint anteriorly, clockwise ro- 
tation occurs when the left side of the thorax or pelvis is 
more forward than the right, and counterclockwise ro- 
tation occurs when the right side is more forward. 


TILT 


Tilt describes certain movements of the head, scapula, 
and pelvis. The head and pelvis may tilt in an anterior 
or posterior direction about a coronal axis. Anterior tilt 
of the head results in flexion (flattening) of the cervical 
spine, and posterior tilt results in extension. With the 
pelvis, however, the opposite occurs: Posterior tilt results 
in flexion (flattening) of the lumbar spine and anterior 
tilt results in extension. 

The head and pelvis may tilt laterally, moving about 
a sagittal axis. Lateral tilt of the head may be referred to 
as lateral flexion of the neck. Lateral tilt of the pelvis is 
termed high on one side or low on the other. 

Because the pelvis moves as a unit, tilts may be 
viewed as an anterior, posterior, or lateral tilting of the 
transverse plane, as seen in the accompanying illustra- 
tion. There may be rotation of the pelvis along with the 
tilt, but this occurs more often with anterior and lateral 
tilt than with posterior tilt. (See p. 146 for movements 
of the neck, and p. 372 for movements of the pelvis.) 

With the scapula in neutral position, there may be 
anterior tilt but not posterior tilt, except that return from 
anterior tilt may be referred to as such. (See movements 
of the scapula, p. 303.) 


Medical portal MedWedi.ru 









As is true in all testing, there must be a standard when 
evaluating postural alignment. The ideal, or standard, skele- 
tal alignment involves a minimal amount of stress and 
strain and is conducive to maximal efficiency of the body. 
It is essential that the standard meet these requirements if 
the whole system of posture training that is built around it 
is to be sound. Basmajian states that "among mammals, 
man has the most economical of antigravity mechanisms 
once the upright posture is attained. The expenditure of 
muscular energy for what seems to be a most awkward 
position is actually extremely economical" (11). 


In the standard position, the spine presents the 
normal curves, and the bones of the lower extremities 
are in ideal alignment for weight bearing. The "neutral" 
position of the pelvis is conducive to good alignment of 
the abdomen and trunk and of the extremities below. The 
chest and upper back are in a position that favors opti- 
mal function of the respiratory organs. The head is erect 
and in a well-balanced position that minimizes stress on 
the neck musculature. (See p. 65.) 

The body contour in the illustrations of the standard 
posture shows the relationship of skeletal structures to 
surface outline in ideal alignment. Variations occur in 
body type and size, and the shape and proportions of the 
body are factors in weight distribution. Variations in 
contour are correlated, to some degree, with variations 
in skeletal alignment (12,13). This is essentially true re- 
gardless of body build. An experienced observer should 
be able to estimate the position of the skeletal structures 
by observing the contours of the body (14,15). 

The intersection of the midsagittal and coronal planes 
of the body forms a line that is analogous to the gravity 
line (16). Around this line, the body is hypothetically in 
a position of equilibrium. Such a position implies a bal- 
anced distribution of weight and a stable position of each 
joint. 

Various machines are available for use in evaluating 
postural alignment. The complicated machines, however, 
often introduce variables that are difficult to control. 
NASA noted that "[cJommercially available movement/ 
posture evaluation systems require extensive data collec- 
tion procedures, rigid camera calibrations, and referenc- 
ing points" (17). 

Fortunately, accurate postural examinations can be 
done with simple equipment at minimal cost. 

When viewing a standing posture, a plumb line is 
used as a line of reference. Why a plumb line? Because 
it represents a standard. Based on nature's law of grav- 
ity, it is a tool in the science of mechanics. The simple 
device of a plumb line enables one to see the effects of 
the force of gravity. Invisible, imaginary lines and planes 
in space are the absolutes against which variable and rel- 
ative positions as well as movements are measured. 


Viedical portal Me 






THE STANDARD POSTURE 


In the study of body mechanics, plumb lines repre- 
sent the vertical planes. With the anatomical position of 
the body as the basis, positions and movements are de- 
fined in relation to these planes. Body mechanics is the 
science that is concerned with the static and dynamic 
forces acting on the body. It is not an exact science, but 
to the extent that it is possible and meaningful, standards 
and precision must be incorporated in its study. The 
ideal alignment of the body is the standard. 


The plumb line is a cord with a plumb bob attached 
to provide an absolutely vertical line. The point in line 
with which a plumb line is suspended must be a stan- 
dard fixed point. Because the only fixed point in the 
standing posture is at the base, where the feet are in con- 
tact with the floor, the point of reference must be at the 
base. A movable point is not acceptable as a standard. 
The position of the head is not stationary; therefore, 
using the lobe of the ear as a point in line with which to 
suspend a plumb line is not appropriate. 

The plumb line test is used to determine whether the 
points of reference of the individual being tested are in 
the same alignment as the corresponding points in the 
standard posture. The deviations of the various points of 
reference from the plumb line reveal the extent to which 
the subject's alignment is faulty. 

For the purpose of testing, subjects step up to a 
suspended plumb line. In back view, they stand with the 
feet equidistant from the line. In side view, a point just 
in front of the lateral malleolus is in line with the 
plumb line. 

Deviations from the plumb alignment are described 
as slight, moderate, or marked rather than in terms of 
inches or degrees. During routine examinations, it is not 
practical to try determining exactly how much each point 
of reference deviates from the plumb line. 

The standing position may be regarded as a com- 
posite alignment of a subject from four views: front, 
back, right side and left side. 

With ideal alignment as the standard, the positions 
of the head, neck, shoulder, upper back, lower back, 
pelvis and lower extremities are described and illus- 
trated on the following pages. 

Postural examination consists of three parts: 

1. Examination of alignment in standing. 
2. Tests for flexibility and muscle length. 


3. Tests for muscle strength. 
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suture 
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lumbar vertebrae 
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Through calca- 
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In side view, the standard line of reference in the draw- 
ings and the plumb line in the photographs represent a 
projection of the gravity line in the coronal plane. This 
plane hypothetically divides the body into front and back 
sections of equal weight. These sections are not sym- 
metrical, and no line of division is obvious on the basis 


of anatomical structures. 
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IDEAL PLUMB ALIGNMENT: 
SIDE VIEW 


IDEAL PLUMB ALIGNMENT: 
BACK VIEW 


3 rS bag --—\-- 





In back view, the standard line of reference in the draw- 
ings and the plumb line in the photographs represent a 
projection of the gravity line in the midsagitlal plane. 
Beginning midway between the heels, it extends upward 
midway between the lower extremities, through the mid- 
line of the pelvis, spine, sternum, and skull. The right 
and left halves of the skeletal structures are essentially 
symmetrical, and by hypothesis, the two halves of the 
body exactly counterbalance (18). 
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HEAD AND NECK 


The ideal alignment of the head and neck is one in which 
the head is in a well-balanced position that is maintained 
with minimal muscular effort. In side view, the line of 
reference coincides with the lobe of the ear, and the neck 
presents the normal anterior curve. In posterior view, the 
line of reference coincides with the midline of the head 
and with the cervical spinous processes. The head is not 
tilted upward or downward, and it is not tilted sideways 
or rotated. The chin is not retracted. 

Good alignment of the upper back is essential for 
good alignment of the head and neck; faulty alignment 
of the upper back adversely affects the alignment of the 
head and neck. If the upper back slumps into a rounded 
position when sitting or standing, a compensatory change 
will occur in the position of the head and neck. 

If the head position were to remain fixed with the 
neck held in its normal anterior curve as the upper back 
flexed into a position of round upper back, the head 
would be inclined forward and downward. However, 
"eyes seek eye level," and the head must be raised from 
that position by extending the cervical spine. In normal 
extension of the cervical spine, there is an approxima- 
tion of the occiput, and the seventh cervical vertebra. As 
the head is raised to seek eye level, the distance be- 
tween the occiput and the seventh cervical is reduced 
remarkably. Compared to the separation between the 
two points in ideal alignment, there may be as much as 
2 or 3 inches of difference between the two positions. 

The forward head position is one in which the neck 
extensors are in a shortened position and are strong, and 
the potential exists for the development of adaptive short- 
ening in these muscles. The anterior vertebral neck flex- 
ors are in an elongated position and give evidence of 
weakness when tested for strength. (See radiographs on 
pp. 152 and 153.) 






THE STANDARD POSTURE 


UPPER BACK 


In ideal alignment, the thoracic spine curves slightly in 
a posterior direction. Just as the positions of the head 
and neck are affected by the position of the thoracic 
spine, so the thoracic spine is affected by the positions 
of the low back and pelvis. With the pelvis and lumbar 
spine in ideal alignment, the thoracic spine can assume 
the ideal position. If a normally flexible individual as- 
sumes a position of lordosis of the low back (i.e., in- 
creased anterior curve), the upper back tends to 
straighten, decreasing the normal posterior curve. On the 
other hand, habitual positions and repetitive activities 
may give rise to the development of a lordotic-kyphotic 
posture, in which one tends to compensate for the other. 
In a sway-back posture, the position of increased poste- 
rior curvature of the upper back compensates for a for- 
ward deviation of the pelvis. 


SHOULDER 


In ideal alignment of the shoulder, the side-view line of 
reference passes midway through the joint. However, the 
position of the arm and shoulder depends on the posi- 
tions ofthe scapulae and upper back. In good alignment, 
the scapulae lie flat against the upper back, approxi- 
mately between the second and seventh thoracic verte- 
brae, and approximately 4 inches apart (more or less de- 
pending on the size of the individual). Faulty positions 
ofthe scapulae adversely affect the position ofthe shoul- 
der, and malalignment of the glenohumeral joint can 
predispose to injury and chronic pain. 

A drawing of the standard posture appears on the 
facing page. Legends indicate the skeletal structures that 
coincide with the line of reference. For comparison, be- 
side the drawing is a photograph showing a subject 
whose alignment closely approaches that of the standard 
posture. 

In a side-view drawing of the standard posture, the 
artist has attempted to present a composite of male and 
female pelves, and to show an average in regard to shape, 
and length of sacrum and coccyx. 
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THE STANDARD POSTURE 


PELVIS AND LOW BACK 


The relationship of the pelvis to the line of reference is 
determined to a great extent by the relationship of the 
pelvis to the hip joints. Because the side-view line of 
reference represents the plane passing slightly posterior 
to the axes of the hip joints, the pelvis will be intersected 
at the acetabula. However, these points of reference are 
not sufficient to establish the position of the pelvis, be- 
cause the pelvis can tilt either anteriorly or posteriorly 
about the axes through the hip joints. 


It is therefore necessary to define the neutral position 
of the pelvis in the standard posture. The neutral position 
used as the standard in this text is one in which the ante- 
rior-superior iliac spines are in the same horizontal plane 
and in which the anterior-superior iliac spines and the 
symphysis pubis are in the same vertical plane. From the 
standpoint of the action of muscles attached to the anterior 
iliac spines and the symphysis pubis, opposing groups of 
muscles have an equal mechanical advantage in a straight 
line of pull. The rectus abdominis, with its attachment on 
the pubis, extends upward to the stemum, and the rectus 
femoris, sartorius, and tensor fasciae latae, with their at- 
tachments on the anterior iliac spines, extend downward 
to the thigh. 


Because of the structural variations of the pelvis, it is 
not practical to describe a neutral position on the basis of 
a specific anterior point and a specific posterior point be- 
ing in the same horizontal plane. The anterior-superior il- 
jac spines and the posterior-superior iliac spines are ap- 
proximately in the same plane, however. 

In neutral position of the pelvis, there is a normal 
anterior curve in the low back. In anterior tilt of the 
pelvis, there is a lordosis. In posterior tilt of the pelvis, 
there is a flat back. 

Without minimizing the importance of proper foot 
positions that establish the base of support, it may be 
said that the position of the pelvis is the key to good or 
faulty postural alignment. The muscles that maintain 
good alignment of the pelvis, both anteroposteriorly and 
laterally, are of utmost importance in maintaining good 


overall alignment. Imbalance between muscles that op- 
pose each other in the standing position changes the 
alignment of the pelvis, and adversely affects the posture 
of the body parts both above and below. 


HIPS AND KNEES 


The standard side-view line of reference through the 
lower extremities passes slightly posterior to the center 
of the hip joint and slightly anterior to the axis of the 
knee joint and represents a stable position of these 
joints. 

If the center of the weight-bearing joint coincides 
with the line of gravity, there is an equal tendency for 
the joint to flex or to extend. However, this on-center po- 
sition of the joint is not a stable one for weight bearing 
The slightest force exerted in either direction will cause 
it to move off center unless it is stabilized by constant 
muscular effort. If the body must call on muscular effort 
to maintain a stable position, energy is expended unnec- 
essarily. 


1f the hip joint and knee joint moved freely in ex- 
tension as well as in flexion, there would be no stability, 
and constant effort would be required to resist move- 
ment in both directions. A stable off-center position for 
a joint is dependent on limitation of joint motion in one 
direction. For the hip and knee, extension is limited. 
Ligamentous structures, strong muscles, and tendons are 
the restraining forces preventing hyperextension. Stabil- 
ity in the standing position is obtained by this normal 
limitation of joint motion. 

Exercises or manipulations that tend to hyperextend 
the knee or hip joint or that excessively stretch muscles 
such as hamstrings should be scrutinized carefully. The 
normal restraining influence of the ligaments and mus- 
cles helps to maintain good postural alignment with a 
minimum of muscular effort. When muscles and liga- 
ments fail to offer adequate support, the joints exceed 
their normal range, and posture becomes faulty with re- 
spect to the positions of knee and hip hyperextension. 
(See pp. 72, 81, and 84.) 
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ANKLE 


The standard line of reference passes slightly anterior to 
the outer malleolus and approximately through the apex 
of the arch, designated laterally by the calcaneocuboid 
joint. Normally, dors i flex ion at the ankle with the knee 
extended is approximately 10°. This means that standing 
barefoot with feet in a position of slight out-toeing and 
with knees straight, the lower leg cannot sway forward 
on the foot more than about 10°. Forward deviation of 
the body (dorsiflexion at the ankle) is checked by the re- 
straining tension of strong posterior muscles and liga- 
ments. However, this element of restraint is materially 
altered with changes in heel height that place the ankle 
in varying degrees of plantar flexion, and it is apprecia- 
bly altered if the knees are flexed. 


FEET 


In the standard posture, the position of the feet is one in 
which the heels are separated approximately 3 inches 
and the forepart of the feet are separated so that the 
angle of out-toeing is approximately 8° to 10° from the 
midline on each side, making a total of 20° or less. 

This position of the feet refers only to the static and 
barefoot position. Both elevation of the heels and motion 
affect the position of the feet. 

In establishing a standard position of the feet—and in 
determining where, if at all, out-toeing should occur—it 
is necessary to consider the foot in relation to the rest of 
the lower extremity. The out-toeing position cannot occur 
at the knee, because there is no rotation in extension. 

In ideal alignment, the axis of the extended knee 
joint is in a frontal plane. With the knee joint in this 
plane, out-toeing cannot take place from the hip-joint 
level. There can be a position of out-toeing as a result of 
outward rotation of the hip. In this case, however, the 
entire extremity would be outwardly rotated, and the 
degree of out-toeing would be exaggerated. 

This makes the question of whether there should be 
rotation of the foot into an out-toeing position depend- 
ent on the relationship of the foot to the ankle joint. The 
ankle joint permits flexion and extension only; it does 








THE STANDARD POSTURE 


not permit rotation. Unlike the knee joint, the ankle joint 
is not in a frontal plane. According to anatomists, it is in 
a slightly oblique plane. The line of obliquity is such that 
it extends from slightly anterior at the medial malleolus 
to slightly posterior at the lateral malleolus. The angle at 
which the axis of the ankle joint deviates from the frontal 
plane suggests that the foot is normally in a position of 
slight out-toeing in relation to the lower leg. 

The foot is not a rigid structure. Movements of the 
subtalar and transverse tarsal joints permit pronation and 
supination of the foot as well as abduction and adduc- 
tion of the forefoot. The combination of pronation and 
forefoot abduction is seen as eversión of the foot and the 
combination of supination and forefoot adduction as in- 
version. Passive or active movements of the foot and an- 
kle reveal that the foot tends to move outward as it moves 
upward and to move inward as it moves downward. 

In the standing position, the foot is not fully dorsi- 
flexed on the leg, nor is it in full eversión. However, the 
person who stands with flexed knees and marked out-toe- 
ing of the feet will be in dorsiflexion and eversión—a po- 
sition that results in stress and strain on the foot and leg. 

It is not possible to determine the degree of eversión 
or inversion of the foot that corresponds with each de- 
gree of dorsal or plantar flexion. The two are not so cor- 
related that an exact relationship exists, but it may be as- 
sumed that the movement from eversión in the 
dorsiflexed position to inversion in the plantar-flexed 
position is relatively uniform. 

When influenced by shoes with heels, the standing 
position represents varying degrees of plantar flexion of 
the foot, dependent on the heel height. As heel height 
increases, the tendency toward a parallel position, or 
in-toeing, also increases. 

The relationship of heel height to out-toeing or in-toe- 
ing ofthe foot is analogous to the position of the foot in 
standing, walking and running. When standing barefoot, a 
slight degree of out-toeing is natural. Standing with heels 
raised or walking fast, the feet tend to become parallel. As 
speed increases from walking to sprinting: The heels do 
not contact the ground, and the weight is borne on the an- 
terior part of the foot entirely. There is then a tendency for 
the print of the forefoot to show in-toeing. 












SECTION 11: POSTURAL ALIGNMENT 
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FOUR TYPES OF POSTURAL 
ALIGNMENT 


The normal curves of the spine consist of a curve that is 
convex forward in the neck (cervical region), a curve that 
is convex backward in the upper back (thoracic region), 
and a curve that is convex forward in the low back (lumbar 
region). These may be described as slight extension of the 
neck, slight flexion of the upper back, and slight extension 
of the low back. When there is a normal curve in the low 
back, the pelvis is in a neutral position. In Figure A, the 
bony prominences at the front of the pelvis are in a neutral 
position, as indicated by the anterior-superior iliac spines 
and the symphysis pubis being in the same vertical plane. 
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Flat-back posture Sway-back 


In a faulty postural position, the pelvis may be in an 
anterior, posterior, or lateral tilt. Any tilting of the pelvis 
involves simultaneous movements of the low back and 
hip joints. In anterior pelvic tilt, as shown in Figure B, 
the pelvis tilts forward, decreasing the angle between the 
pelvis and the thigh anteriorly, resulting in flexion of the 
hip joint; the low back arches forward, creating an in- 
creased forward curve (lordosis) in the low back. In pos- 
terior pelvic tilt, as shown in Figures C and D, the 
pelvis tilts backward, the hip joints extend, and the low 
back flattens. In lateral pelvic tilt, one hip is higher than 
the other, and the spine curves with convexity toward the 
low side. (For lateral pelvic tilt, see pp. 74, 75. 112.434. 
435, and 439.) 
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Head: Neutral position, not tilted forward or back. 
(Slightly forward in the photograph.) 


Cervical Spine: Normal curve, slightly convex anteri- 
orly. 


Scapulae: As seen in the photograph, appear to be in 
good alignment, flat against the upper back. 


Thoracic Spine: Normal curve, slightly convex poste- 
riorly. 
Lumbar Spine: Normal curve, slightly convex ante- 
riorly. 


Pelvis: Neutral position, anterior-superior spines in the 
same vertical plane as the symphysis pubis. 


Hip Joints: Neutral position, neither flexed nor extended. 


Knee Joints: Neutral position, neither flexed nor hyper- 
extended. 


Ankle Joints: Neutral position, leg vertical and at a 
right angle to the sole of the foot. 


IDEAL SEGMENTAL ALIGNMENT: 
SIDE VIEW 








Back Extensors Abdominals 


Rectus abdominis 
— External oblique 
Hip Flexors 

Psoas major 


Hip Extensors S BAUR 
Gluteus 
maximus 
Tensor fasciae 
Hamstrings latae 


Rectus femoris 


In lateral view, the anterior and posterior muscles 
attached to the pelvis maintain it in ideal alignment. An- 
teriorly, the abdominal muscles pull upward, and the 
hip flexors pull downward. Posteriorly, the back mus- 
cles pull upward, and the hip extensors pull downward. 
Thus, the anterior abdominal and hip extensor muscles 
work together to tilt the pelvis posteriorly; the low back 
and hip flexor muscles work together to tilt the pelvis 
anteriorly. 
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KYPHOTIC-LORDOTIC POSTURE 
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Head: Forward. 


Cervical Spine: Hyperextended. 

Scapulae: Abducted. 

Thoracic Spine: Increased flexion (kyphosis). 
Lumbar Spine: Hyperextended (lordosis). 
Pelvis: Anterior tilt. 

Hip Joints: Flexed. 

Knee Joints: Slightly hyperextended. 


Ankle Joints: Slight plantar flexion because of back- 
ward inclination of the leg. 














Elongated and Weak: Neck flexors, upper back erector 
spinae, external oblique. Hamstrings are slightly elon- 
gated but may or may not be weak. 


The rectus abdominis is not necessarily elongated, 
because the depressed position of the chest offsets the 
effect of the anterior pelvic tilt. 

Hip flexors are in a shortened position in both the sit- 
ting posture and the lordotic posture in standing (as illus- 
trated above). However, low back muscles may or may not 
be tight. In sitting the back may flatten. This combination 
of circumstances has a bearing on the fact that low back 
muscle shortness is less prevalent than hip flexor short- 
ness in this type of posture. 


Short and Strong: Neck extensors and hip flexors. 
The low back is strong and may or may not develop 
shortness. 








Head: Neutral position. 

Cervical Spine: Normal curve (slightly anterior). 
Thoracic Spine: Normal curve (slightly posterior) 
Lumbar Spine: Hyperextended (lordosis). 

Pelvis: Anterior tilt. 

Knee Joints: Slightly hyperextended. 

Ankle Joints: Slightly plantar flexed. 


LORDOTIC POSTURE 


Elongated and Weak: Anterior abdominals. Hamstring 
muscles are somewhat elongated but may or may not be 
weak. 


Short and Strong: Low back and hip flexor muscles. 
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FLAT-BACK POSTURE 








Head: Forward. 
Cervical Spine: Slightly extended. 


Thoracic Spine: Upper part, increased flexion; lower 
part, straight. 


Lumbar Spine: Flexed (straight). 
Pelvis: Posterior tilt. 

Hip Joints: Extended. 

Knee Joints: Extended. 


Ankle Joints: Slight plantar flexion. 





Elongated and Weak: One-joint hip flexors. 


Short and Strong: Hamstrings. 


Frequently, abdominal muscles are strong. Although 
back muscles are slightly elongated when the normal 
anterior curve is eliminated, they are not weak. Some- 
times, knees are slightly flexed rather than hypefe; 
tended along with the flat-back posture. 





Figure A shows a marked anterior deviation of the body 
in relation to the plumb line, with the body weight be- 
ing carried forward over the balls of the feet. It is seen 
most frequently among tall and slender individuals. Sub- 
jects who habitually stand this way may exhibit strain on 
the anterior part of the foot, with calluses under the ball 
of the foot and even under the great toe. Metatarsal arch 
supports may be indicated along with correction of the 
overall alignment. The ankle joint is in slight dorsiflex- 
ion because of the forward inclination of the leg and the 
slight flexion of the knee. Posterior muscles of the trunk 
and lower extremities tend to remain in a state of constant 
contraction, and the alignment must be corrected to 
achieve effective relaxation of these muscles. 














Figure B shows a marked posterior deviation of the 
upper trunk and head. The knees and pelvis are dis- 
placed anteriorly to counterbalance the posterior thrust 
of the upper part of the body. 

Figure C shows a counterclockwise rotation of the 
body from the ankles to the cervical region. The devi- 
ation of the body from the plumb line appears to be dif- 
ferent when viewed from the right and left sides in 
subjects who have such rotation. The body would be 
anterior from the plumb line as seen from the right, but 
it would show fairly good alignment from the left. From 
both sides, however, the head would appear to be for- 
ward. 






EXTERNAL OBLIQUE IN RELATION 
TO POSTURE 


The muscles that hold the pelvis in posterior tilt during 
leg lowering are chiefly the rectus abdominis and exter- 
nal oblique. In many instances, abdominal strength is 
normal on the trunk-raising test, but the muscles grade 
very weak on the leg-lowering test. Because the rectus 
must be strong to perform the trunk curl, the inability to 
keep the low back flat during leg lowering cannot be at- 
tributed to that muscle. It is logical to attribute the lack 
of strength to the external oblique, not to the rectus. Fur- 
thermore, the postural deviations that exist in persons 
who show weakness on the leg-lowering test are associ- 
ated with elongation of the external oblique. 


Two types of posture exhibit this weakness: anterior 
tilt (lordotic posture) and anterior displacement of the 
pelvis with posterior displacement of the thorax (sway- 
back posture). The lateral fibers of the external oblique 
extend diagonally from the posterolateral rib cage to an- 
terolateral pelvis. By this line of pull, they are in a posi- 
tion to help maintain good alignment of the thorax in re- 
lation to the pelvis or to restore the alignment when there 
is displacement. (See photographs on facing page.) 


The difference in grades between the trunk-raising 
test and the leg-lowering test is often very marked. Ex- 
amination frequently reveals leg-lowering grades of 
only fair (5) to fair- (6) in persons who can perform 
many curled trunk sit-ups. It becomes very clear in such 
situations that the trunk-raising exercise does not im- 
prove the ability to hold the low back flat during leg 
lowering. Indeed, it appears that repeated and persistent 
trunk-flexion exercises may contribute to continued 
weakness of the lateral fibers of the external oblique. 
(See p. 201.) 


The type of postural deviation that occurs depends 
to a great extent on associated muscle weakness. In the 
anterior tilt, or lordotic posture, there is often hip flexor 
tightness along with the abdominal weakness; in the 
sway-back posture, there is hip flexor weakness, specif- 
ically of the iliopsoas. 


The type of exercise indicated for strengthening the 
obliques depends on what other muscles are involved 
and what postural problems are associated with the weak- 
ness. The manner in which movements are combined in 
exercises determines whether they will be therapeutic 
for the individual. For example, alternate leg raising 
along with pelvic tilt exercises would be contraindicated 
in cases of hip flexor shortness but would be indicated 
in cases of hip flexor weakness. 


To correct anterior pelvic tilt, posterior pelvic tilt 
exercises are indicated. The movement should be done 
by the external oblique, not by the rectus or by the hip 
extensors. The effort must be made to pull upward and 
inward with the abdominal muscles, making them very 
firm, particularly in the area of the lateral external 
oblique fibers. (See p. 215.) 


To exercise the external oblique in cases of a sway- 
back posture, the same effort should be made to pull up- 
ward and inward with the lower abdominal muscles, but 
the pelvic tilt is not emphasized. This type of faulty pos- 
ture already has a posterior pelvic tilt along with the hip 
flexor weakness. Contracting the lateral fibers of the ex- 
ternal oblique in standing must be accompanied by 
straightening, notflexing, the upper back because these 
muscles act to shift the thorax forward and the pelvis 
back by the diagonal line of pull. Properly done, this 
movement brings the chest up and forward and restores 
the normal anterior curve in the low back. (See below.) 





When properly done, the wall-sitting and the wall- 
standing exercises (p. 116) stress the use of the muscles 
of the lower abdomen and lateral fibers of the external 
oblique. 

Expressions such as "make the lower abdomen 
cave in," or "hide the tummy under the chest." or in the 
vernacular of the military, "suck in your gut" are all 
used to encourage the subject to exert strong effort in 
the exercise. 

Proper exercise of abdominal muscles should be a 
part of preventive medicine and physical fitness pro- 
grams. Good strength in these muscles is essential to the 
maintenance of good posture, but one must avoid over- 
doing both the trunk curl and the pelvic tilt exercises. 
The normal anterior curve in the low back should not be 
obliterated in the standing posture. 
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Note the similarity between the lordotic and the sway- 
back curves in the back. Without careful analysis of the 






it is not. 


differences in plumb alignment and pelvic tilt, the 





Good Postural Alignment: Pelvis 
is in neutral position. 
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Dots representing the external 
oblique are 6 inches apart with the 
subject in good alignment. 
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Dots representing the internal 


oblique are 6 inches apart with the 
subject in good alignment. 
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Lordotic Posture: Pelvis is in 
anterior tilt. 
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Dots representing the external 


oblique are 7 inches apart with the 
subject in a lordotic posture. 








Flat-Back Posture: Often, the ex- 
ternal oblique is strong in this type 
of posture. 


LENGTH OF OBLIQUE ABDOMINAL 
MUSCLES IN RELATION TO POSTURE 


sway-back curve might be referred to as lordosis, which 





Sway-Back Posture: Pelvis is in 
posterior tilt. 
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Dots representing the external 


oblique are 7'/2 inches apart with 
the subject in sway-back posture. 
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Dots representing the internal 
oblique are 5 inches apart with the 
subject in sway-back posture. 


SWAY-BACK POSTURE 


Head: Forward. 
Cervical Spine: Slightly extended. 


Thoracic Spine: Increased flexion (long kyphosis) with 
posterior displacement of the upper trunk. 


Lumbar Spine: Flexion (flattening) of the lower lum- 
bar area. 


Pelvis: Posterior tilt. 


Hip Joints: Hyperextended with anterior displacement 
of the pelvis. 


Knee Joints: Hyperextended. 


Ankle Joints: Neutral. Knee joint hyperextension usu- 
ally results in plantar flexion of the ankle joint, but that 
does not occur here because of anterior deviation of the 
pelvis and thighs. 





Elongated and Weak: One-hip joint flexors, external 
oblique, upper back extensors, neck flexors. 


Short and Strong: Hamstrings, upper fibers of the in- 
ternal oblique. 


Strong but Not Short: Low back muscles. 

The pelvis is in posterior tilt and sways forward in 
relation to the stationary feet, causing the hip joint to ex- 
tend. The effect is equivalent to extending the leg back- 
ward with the pelvis stationary. With posterior pelvic 
tilt, the lumbar spine flattens. Hence, there is no lordo- 
sis, although the long curve in the thoracolumbar region 
(caused by the backward deviation of the upper trunk) is 
sometimes mistakenly referred to as a lordosis. (The 
term sway-back posture is an appropriate label and re- 
quires that the word sway-back not be used synony- 
mously with lordosis.) 
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IDEAL ALIGNMENT: POSTERIOR VIEW 73 
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Head: Neutral position, neither tilted nor rotated. Laterally, the following groups of muscles work to- 
(Slightly tilted toward the right in the photograph.) gether in stabilizing the trunk, pelvis and lower extrem- 
ities: 


Cervical Spine: Straight in drawing. (Slight lateral flex- 
ion toward right in photograph.) Right lateral trunk flexors 
Right hip adductors 


Left hip abductors 
Right tibialis posterior 


Shoulders: Level, not elevated or depressed. 


Scapulae: Neutral position, medial borders essentially 


parallel and approximately 3 to 4 inches apart. 
Right flexor hallucis longus 


Thoracic and Lumbar Spines: Straight. Riche feror digitonmibloneus 


Pelvis: Level, both posterior superior iliac spines in the Left peroneus longus and brevis 
s gus 

same transverse plane. 

t lateral trunk flexors 


Le 
Left hip adductors 
Right hip abductors 


Hip Joints: Neutral position, not adducted or abducted. 
Lower Extremities: Straight, not bowed or knock-kneed. 


Feet: Parallel or slight out-toeing. Outer malleolus and 


А à E Left tibialis posterior 
outer margin of the sole of the foot in same vertical x 
plane so that the foot is not pronated or supinated. (See Left flexor hallucis longus 
p. 80.) Tendo calcaneus should be vertical when seen in Left flexor digitorum longus 
posterior view. 2 Right peroneus longus and brevis 
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FAULTY ALIGNMENT: POSTERIOR VIEW 


qu 
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Head: Erect, neither tilted пог rotated. (Slightly tilted 
and rotated right in the photograph.) 


Cervical Spine: Straight. 
Shoulder: Right low. 
Scapulae: Adducted, right slightly depressed. 


Thoracic and Lumbar Spines: Thoracolumbar curve 
convex toward the left. 


Pelvis: Lateral tilt, high on the right. 


Hip Joints: Right adducted and slightly medially rotated, 
left abducted. 


Lower Extremities: Straight, neither bowed nor knock- 
kneed. 


Feet: In the photograph, the right is slightly pronated, as 
seen in the alignment of the tendo calcaneus. The left is 
in a position of slight postural pronation by virtue of the 
deviation of the body toward the right. 
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Elongated and Weak: Left lateral trunk muscles, right 
hip abductors (especially posterior gluteus medius). left 
hip adductors, right peroneus longus and brevis, left 
tibialis posterior, left flexor hallucis longus, left flexor 
digitorum longus. The right tensor fasciae latae may or 
may not be weak. 


Short and Strong: Right lateral trunk muscles, left hip 
abductors, right hip adductors, left peroneus longus and 
brevis, right tibialis posterior, right flexor hallucis longus. 
right flexor digitorum longus. The left tensor fasciae 
latae is usually strong, and there may be tightness in the 
iliotibial band. 

The right leg is in "postural adduction," and the posi- 
tion of the hip gives the appearance of a longer right leg. 

This posture is typical of right-handed individuals. 
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Head: Erect, neither tilted nor rotated. 
Cervical spine: Straight. 
Shoulder: Elevated and adducted. 


Shoulders Joints: Medially rotated, as indicated by 
position of the hands facing posteriorly. 


Scapulae: Adducted and elevated. 


Thoracic and Lumbar Spines: Slight thoraco- 


lumbar curve convex toward the right. 
Pelvis: Lateral tilt, higher on the left. 


Hip Joints: Left adducted and slightly medially 
rotated, right abducted. 


Lower Extremities: Straight, neither bowed nor 


knock-kneed. 
Feet: Slightly pronated. 
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FAULTY ALIGNMENT: POSTERIOR VIEW 
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Elongated and Weak: Right lateral trunk muscles, left 
hip abductors (especially posterior gluteus medius), right 
hip adductors, right tibialis posterior, right flexor hallu- 
cis longus, right flexor digitorum longus, left peroneus 
longus and brevis. 


Short and Strong: Left lateral trunk muscles, right hip 
abductors, left hip adductors, left tibialis posterior, left 
flexor hallucis longus, left flexor digitorum longus, right 
peroneus longus and brevis. With the elevation and ad- 
duction of the scapulae, the rhomboids are in a short- 
ened position. 
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HANDEDNESS PATTERNS 


Each of the above figures illustrates a typical pattern of 
posture as related to handedness. Figure A shows the 
pattern typical of right-handed individuals. The right 
shoulder is lower than the left, the pelvis is deviated 
slightly toward the right, and the right hip appears to be 
slightly higher than the left. Usually, there is a slight de- 
viation of the spine toward the left, and the left foot is 
more pronated than the right. The right gluteus medius 


is usually weaker than the left. 








—— d 


Left-handed 


Handedness patterns related to posture may begin at 
an early age. The slight deviation of the spine toward the 
side opposite the higher hip may appear as early as 8 or 
10 years of age. There tends to be a compensatory ЮУ; 
shoulder on the side of the higher hip. In most cases, the 
low shoulder is less significant than the high hip. Usually,, 
shoulder correction tends to follow correction of lateral 
pelvic tilt, but the reverse does not necessarily occur. 
Figure B shows the opposite pattern, which is top- 
ical of left-handed individuals. Usually, however, the 


low shoulder is not quite as marked as in this subject. 


(See also page 95.) 


Figure A is an example of posture that appears to be 
good in back view but is very faulty in side view. 

The side-view posture shows marked segmental 
faults, but the anterior and posterior deviations compen- 
sate for each other so that the plumb alignment is quite 
good. The contour of the abdominal wall almost dupli- 
cates the curve of the low back. 

Figure B shows a posture that is faulty in both 
side and back views. The back view shows a marked 
deviation of the body to the right of the plumb line, a 
high right hip and a low right shoulder. The side view 
shows that the plumb alignment is worse than the seg- 
mental alignment. The knees are posterior, and the 
pelvis, trunk and head are markedly anterior. Segmen- 








tally, the anteroposterior curves of the spine are only 
slightly exaggerated. The knees, however, are quite 
hyperextended. 

This type of posture may result from the effort to 
follow such misguided but common admonitions as 
"Throw your shoulders back" and "Stand with your 
weight over the balls of your feet." 

The result in this subject is so much forward devia- 
tion of the trunk and head that the posture is most un- 
stable and requires a good deal of muscular effort to 
maintain balance. The anterior part of the foot shows 
evidence of strain. 

An individual with this type of fault might appear 
as someone with good posture when fully clothed. 








SHOULDERS AND SCAPULAE 





Shoulders and Scapulae, Good Position: This subject 
illustrates a good position of the shoulders and scapulae. 

The scapulae lie flat against the thorax, and no angle 
or border is unduly prominent. Their position is not dis- 
torted by unusual muscular development or misdirected 
efforts at postural correction. 





Shoulder Elevated, Scapulae Adducted: In this sub- 
ject, both shoulders are elevated, with the right slightly 
higher than the left. The scapulae are adducted. The 
upper trapezius and other shoulder elevators are tight. 





Scapulae, Abducted and Slightly Elevated: In this 
subject, both scapulae are abducted, with the left one 
more than the right. Both are also slightly elevated. The 
abduction and elevation are accompanied by forward 
shoulders and round upper back. (For side view of this 
subject, see p. 153, Figure D.) 





Shoulders Depressed, Scapulae Abducted: In this si 
ject, the shoulders slope downward sharply, accentuating 
their natural broadness. The marked abduction of the 
scapulae also contributes to this effect. 

Exercises to strengthen the trapezius muscles, espe 


cially the upper part, are needed to correct the fault) 
posture of the shoulders. 
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SHOULDERS AND SCAPULAE 





Scapulae, Adducted and Elevated: In this subject, the 
scapulae are completely adducted and considerably ele- 
vated. 

The position illustrated appears to be held by vol- 
untary effort, but if this habit persists, the scapulae will 
not return to the normal position when the subject tries 
to relax. 

This position is the inevitable end result of engag- 
ing in the military practice of "bracing" the shoulders 
back. 





Abducted and Slightly Winged Scapulae: This subject 
shows a degree of scapular prominence that is rather fre- 
quent among children at this age (8 years). Slight promi- 
nence and slight abduction need not be a matter of con- 
cern at this age. This subject is borderline, however, and 
there is a difference in the level of the scapulae that 
might indicate additional muscle imbalance. 


Scapulae, Abnormal Appearance: This subject shows 
abnormal development of some of the scapular muscles 
with a faulty position of the scapulae. 

The teres major and rhomboids are clearly visible, 
and form a V at the inferior angle. The scapula is ro- 
tated so that the axillary border is more nearly horizon- 
tal than normal. The appearance suggests weakness of 
either the serratus anterior, or the trapezius, or both. 





Abducted Scapulae and Forward Shoulders: This 
9-year-old girl is rather mature for her age. The forward 
position of the shoulders is typical of that assumed by 
many young girls during the beginning development of 
the breasts. When such a postural habit persists, how- 
ever, it may result in a fixed postural fault. (For side 
view of this subject, see p. 98, Figure B.) 





Good Alignment of Feet and 
Knees: The patellae face directly 
forward, and the feet are neither 


pronated nor 


J 


CJ 


m, ut 


supinated. foot 





Feet Good, Knees Faulty: The 
alignment of the feet is very good, 
but medial rotation of the femurs is 
indicated by the position of the patel- 
lae. This fault is harder to correct by 
use of shoe corrections than one in 
which pronation accompanies the 
medial rotation. 
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Pronation of Feet and Medial Ro- 

tation of Femurs: The distance be- 

tween the lateral malleolus and the 

indicates a moderate prona- 
tion of the feet, and the position of the 

patellae indicates a moderate degree 

of medial rotation of the femurs. 
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Supinated Feet: The weight is borne 
on the outer borders of the feet, and 
the long arches are higher than nor- 
mal. The perpendicular foot board 
touches the lateral malleolus but is 
not in contact with the outer border 
of the sole of the foot. 


It appears as if an effort were 
being made to invert the feet, because 
the anterior tibial muscles are so 
prominent. However, the position 
shown is the natural posture of this 
subject's feet. 








Pronation of Feet and Knock- 
Knees: The feet are moderately 
pronated; there is slight knock-knee 
position but no medial or lateral ro- 
tation. 





Lateral Rotation of the Legs: 1 
eral rotation of the legs, as seen in 
this subject, is the result of lateral ro- 
tation at the hip joint. 

This position is more typical of 
boys than of girls. It may or may not 
have serious effects, although per- 
sistence of such a pattern in walking 
as well as in standing puts undue 
strain on the longitudinal arches. 





Knees, Good Alignment: In good 
alignment of the knees, as in this side 
view, the plumb line passes slightly 
anterior to the axis of the knee joint. 


Hil 


Good Alignment of Legs and Feet. 
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Knee Flexion, Moderate: Flexion 
of the knees is seen less frequently 
than hyperextension in cases of faulty 
posture. The flexed position requires 
constant muscular effort by the 
quadriceps. Knee flexion in standing 
may result from hip flexor tightness. 
When hip flexors are tight, there must 
be compensatory alignment faults of 
the knees, the low back, or both. At- 
tempting to reduce a lordosis by flex- 
ing the knees in standing is not an 
appropriate solution when hip flexor 
stretching is needed. 


Bowlegs: This figure shows a mild 
degree of structural bowlegs (genu 
varum). 









Knee Hyperextension: With marked 
hyperextension of the knee, the ankle 
joint is in plantar flexion. 





Knock-Knees: This figure shows a 
moderate degree of structural knock- 
knees (genu valgum). 


POSTURAL BOWLEGS 


AND KNOC 


Ideal Alignment 


@ ү 
iem 


Ideal Alignment: In ideal align- 
ment, the hips are neutral in rota- 
tion, as evidenced by the position of 
the patellae facing directly forward. 
The axis of the knee joint is in the 
coronal plane, and flexion and ex- 
tension occur in the sagittal plane. 
The feet are in good alignment. 





NEES 


Postural Bowlegs 
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Postural Bowlegs: Postural bowlegs 
results from a combination of me- 
dial rotation of the femurs, pronation 
of the feet and hyperextension of the 
knees. When femurs medially rotate, 
the axis of motion for flexion and 
extension is oblique to the coronal 
plane. From this axis, hyperexten- 
sion occurs in a posterolateral direc- 
tion, resulting in a separation at the 
knees and apparent bowing of the 
legs. 
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Postural Knock-Knees 
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Postural Knock-Knees: Postural 
knock-knees results from a combina- 
tion of lateral rotation of the femurs, 
supination of the feet and hyperex- 
tension of the knees. With lateral ro- 
tation, the axis of the knee joint is 
oblique to the coronal plane, and hy- 
perextension results in adduction at 
the knees. 


POSTURAL BOWING COMPENSATORY 
FOR KNOCK-KNEES 
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Mechanism of Postural Bowing Compensatory for 
Knock-Knees: Figure A shows the position of knock- 
knees that the subject exhibits when the knees are in 
good anteroposterior alignment. 

Figure B shows that by hyperextending her knees, 
the subject is able to produce enough postural bowing to 
accommodate for the 4-inch separation of her feet shown 
in Figure A. 

See center figure on the previous page for the extent 
of postural bowing that can be produced by hyperexten- 
sion in an individual without knock-knees. 

Children are often embarrassed by the appearance 
of knock-knees, and it is not uncommon for them to 
compensate if the condition persists. Sometimes, they 





"hide" the knock-knee position by flexing one knee and 
hyperextending the other so that the knees can be close 
together. Rotation faults may result if the same knee is 
habitually flexed while the other is hyperextended. 

The appearance of postural bowlegs and postural 
knock-knees may also result from the combination of 
knee flexion with rotation (not illustrated). With lateral 
rotation and slight flexion, the legs will appear to be 
slightly bowed, and with medial rotation and slight flex- 
ion, there will appear to be a position of knock-knees. 
These variations associated with flexion are of less con- 
cern than those associated with hyperextension because 
flexion is a normal movement but hyperextension is an 
abnormal movement. 
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For each of the figures above, a 
beaded metal plumb line was sus- 
pended beside the subject when the 
radiograph was taken. Two radi- 
ographic films were in position for 
the single exposure. The above illus- 
tration shows the relationship of the 
plumb line to the bones of the foot 
and lower leg, with the subject stand- 
ing in a position of good alignment. 


This radiograph shows a subject who 
had a habit of standing in hyperex- 
tension. The plumb line was sus- 
pended in line with the standard base 
point while the radiograph was ob- 
tained. Note the change in position 
of the patella and the anterior com- 
pression of the knee joint. 
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This radiograph shows the same sub- 

ject depicted by the center figure. As 

an adult, she attempted to correct her 

hyperextension fault. The alignment 

through the knee joint and femur are 

very good, but the tibia and fibula 

show evidence of posterior bowing; 1 
(Compare with the good alignment? 
of these bones as seen in the figure 

at far left.) 









SITTING POSTURE 





Maintaining good alignment of the body in the sitting 
position can reduce or even prevent pain associated with 
posture-related problems. Figure A shows good align- 
ment, requiring the least expenditure of muscle energy. 
Figure B shows the low back in a lordosis. This posture 
is mistakenly regarded as a correct position. The back 
muscles fatigue because it takes effort to maintain this 
position. Figure C is a familiar slumped position that re- 
sults in strain from lack of support for the low back and 
results in very faulty positions of the upper back, neck 
and head. 

People are usually advised to sit with their feet flat 
on the floor. If the knees are crossed, they should alter- 
nate so that they are not always crossed in the same 
manner. Some people, especially those with poor circu- 
lation in the legs, should avoid sitting with their knees 
crossed. 

Some people may be comfortable in a chair with a 
pad in the lumbar area. Others may experience discom- 
fort and even pain from such a lumbar support. Certain 
people find that a contoured pad in the sacroiliac area, 
or a chair that is rounded to conform to the body in that 
area, will enable them to sit comfortably. 

There is no one correct chair. The height and depth 
of the chair must be appropriate to the individual. The 
chair should be of a height that allows the feet to rest 
comfortably on the floor and, thereby, avoid pressure on 
the back of the thighs. In a chair that is too deep from 
front to back, either the individual's back will be unsup- 
ported or undue pressure will be placed against the lower 
leg. Hips and knees should be approximately at a 90 de- 





gree angle and the back of the chair should incline ap- 
proximately 10 degrees. The sitting position can be com- 
fortable if the chair and additional props maintain the 
body in good alignment. 

Not all chairs are conducive to good sitting position. 
So-called "posture chairs," which support the back only 
in the lumbar region, tend to increase the lumbar curve 
and are often undesirable. Sitting for long periods of 
time in a swivel chair that tilts back at too great an an- 
gle may contribute to a very faulty position of the upper 
back and head. 

If the chair has armrests that are too high, the shoul- 
ders will be pushed upward. If the armrests are too low, 
the arms will not have adequate support. With proper 
armrests it should be possible to pull the chair close to 
the desk. Whenever practical, tools and desk equipment 
should be placed within reach to avoid undue stretch or 
torsion. 

Light of adequate intensity should be provided. It 
should fall correctly on the workspace, and should be free 
from glare, bright reflections, or unnecessary shadows. 

When sitting for hours at a time, it is necessary to 
shift positions since a sitting position keeps the hips, the 
knees, and usually the back in flexion. Simple extension 
movements and occasionally standing up can alleviate 
the stress and strain associated with prolonged sitting 
positions. 

In an automobile, it is important that the seat be 
comfortable. Pain and fatigue in the neck and shoulder 
region can often be traced to the need to hold the head 
in a forward or tilted position while driving. 
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SECTION Ш: POSTURAL EXAMINATION 


EQUIPMENT 


The equipment used by the Kendalls (see facing page) 
consists of the following: 


Posture Boards 


These are boards on which footprints have been drawn. 
Footprints may be painted on the floor of the examining 
room, but the posture boards have the advantage of being 
portable. (See the lower photograph on the facing page.) 


Plumb Line 


This line is suspended from an overhead bar, and the 
plumb bob is hung in line with the point on the posture 
board that indicates the standard base point (i.e., anterior 


to the lateral malleolus in side view, midway between 
the heels in back view). 


Folding Ruler with Spirit Level 


This is used to measure the difference in level of the 
posterior iliac spines. It also may be used to detect any 
differences in shoulder level. A background with squares 
(as shown in many of the photographs) is a more prac- 
tical aid in detecting differences in shoulder level. 


Set of Six Blocks 


These blocks measure 4 inches by 10 inches and are of 
the following thicknesses: Vs, 'A, /s, '/2,'A and 1 inch. 
They are used for determining the amount of lift needed 
to level the pelvis laterally. (See also leg-length meas- 
urements, p. 438.) 


Marking Pencil 


This is used for marking the spinous processes to observe 
the position of the spine in cases of lateral deviation. 


Tape Measure 


This may be used for measuring leg length and forward 


bending in reaching the Fingertips toward or beyond the 
toes. 


Chart for Recording Examination Findings 
See p. 89. 


Appropriate Clothing 


Clothing, such as a two-piece bathing suit for girls or 
swim trunks for boys, should be worn by subjects for a 
postural examination. Such an examination of school- 
children is unsatisfactory when children are clothed in 
ordinary gym suits. 


In hospital clinics, gowns or other suitable garb 
should be provided. 


ALIGNMENT IN STANDING 


Subjects stand on the posture boards with their feet in 
the position indicated by the footprints. 


Anterior View 


Observe the position of the feet, knees, and legs. Toe 
positions, appearance of the longitudinal arch, alignment 
in regard to pronation or supination of the foot, rotation 
of the femur as indicated by position of the patella, 
knock-knees, or bowlegs should be noted. Any rotation 
of the head or abnormal appearance of the ribs should 
also be noted. Findings are recorded on the chart under 
the heading "Segmental Alignment." 


Lateral View 


With the plumb line hung in line with a point just ante- 
rior to the lateral malleolus, the relationship of the body 
as a whole to the plumb line is noted and recorded under 
the heading "Plumb Alignment." It should be observed 
from both the right and left sides for the purpose of de- 
tecting rotation faults. Descriptions such as the following 
may be used in recording findings: "Body anterior fiom 
ankles up," "Pelvis and head anterior," "Good except lor- 
dosis," or "Upper trunk and head posterior." 


Segmental alignment faults may be noted with or 
without the plumb line. Observe whether the knees are 
in good alignment, hyperextended, or flexed. Note the 
position of the pelvis as seen from the side view and 
whether the anteroposterior curves of the spine are nor- 
mal or exaggerated. Also note the head position (for- 
ward or tilted up or down), the chest position (whether 
normal, depressed, or elevated), and the contour of the 
abdominal wall. Findings are recorded on the chart un- 
der the heading "Segmental Alignment." 


Posterior View 


With the plumb line hung in line with a point midway 
between the heels, the relationship of the body or parts 
of the body to the plumb line are expressed as good or 
as deviations toward the right or left. These findings are 


recorded on the chart on page 89, under the heading 
"Note." 


From the standpoint of segmental alignment, one 
should note the alignment of the tendo calcaneus, pos- 
tural adduction or abduction of the hips, relative height 
of the posterior iliac spines, lateral pelvic tilt, lateral de- 
viations of the spine and positions of the shoulders and 
the scapulae. For example, a lateral pelvic tilt may result 
from one foot being pronated or one knee being habitu- 
ally flexed (see p. 448), allowing a dropping of the pelvis 
on that side in standing. 
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The above illustration shows the posture boards with foot prints on which the subject 
stands for alignment tests: A) Side view, B) Back view, C) Front view. 
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TESTS AND 





NTERPRETATIONS 


TEST FOR FLEXIBILITY AND 
MUSCLE LENGTH 


Findings regarding flexibility and muscle length are 
recorded on the chart in the space provided. (See facing 
page.) Forward bending is designated as "Normal," 
"Limited," or "Normal+," with the number of inches 
from or beyond the toes also being recorded. (See p. 101 
and charts on pp. 102, 103 regarding normal for various 
ages.) On the Postural Examination chart, "Bk" indi- 
cates back, "H.S." indicates hamstrings, and "G.S." in- 
dicates Gastroc-soleus. 


Forward bending may be checked in the standing or 
sitting position, but the authors consider the test in the 
sitting position to be more indicative of flexibility. If 
flexibility is normal when sitting and limited when stand- 
ing, there is usually some rotation or lateral tilt of the 
pelvis, resulting in rotation of the lumbar spine that in 
turn restricts the flexion in the standing position. 


Findings regarding the arm overhead elevation tests 
may be recorded as normal or limited. If limited, find- 
ings may be further recorded as slight, moderate, or 
marked. 

Trunk extension is the movement of backward bend- 
ing, and it may be done in the standing position to help 
differentiate the flexibility of the back from the strength 
of the back muscles as done in the prone position. (See 
discussion. Chapter 5.) Normally, the back should arch 
in the lumbar region. If hyperextension is limited, the 
subject may try to simulate backward bending by flex- 
ing the knees and leaning backward. Knees should be 
kept straight during this test. 


Lateral flexion movements are used to test the lat- 
eral flexibility of the trunk. The length of the left lateral 
trunk muscles permit range of motion for trunk bending 
toward the right, and vice versa. In other words, if flex- 
ibility of the trunk toward the right is limited, it should 
be interpreted as some muscle tightness of the left lat- 
eral trunk muscles—unless, of course, there is the ele- 
ment of limited spinal motion because of ligamentous or 
joint tightness. 


Among other things, variations among individuals 
in length of the torso and in space between the ribs and 
iliac crest make for differences in flexibility. It is im- 
practical to try to measure the degree of lateral flexion. 
Range of motion is considered to be normal when the rib 
cage and iliac crest are closely approximated in side 
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bending. Most people can bring their fingertips to about 
the level of the knee when bending directly sideways. 
(See discussion, Chapter 5.) 


MUSCLE STRENGTH TESTS 


The essential muscle tests during postural examinations 
are described in Chapters 5, 6, and 7. They include tests 
of the upper, lower, and oblique abdominals as well as 
the lateral trunk flexors, back extensors, middle and 
lower trapezius, serratus anterior, gluteus medius, glu- 
teus maximus, hamstrings, hip flexors, soleus and toe 
flexors. 

With problems of anteroposterior deviations in pos- 
tural alignment, it is especially important to test the ab- 
dominal muscles, back muscles, hip flexors and exten- 
sors, and soleus. With problems of lateral deviation of 
the spine or lateral tilt of the pelvis, it is especially im- 
portant to test the oblique abdominal muscles, lateral 
trunk flexors and gluteus medius. 


INTERPRETATION OF 
TEST FINDINGS 


In the usual case of faulty posture, the pattern of faul 
body mechanics as determined by the alignment test wi 
be confirmed by the muscle tests if both procedures have 
been accurate. At times, however, there may be an ap- 
parent discrepancy in test findings. This inconsiste: 
may be based on such things as the following: The 
fects of an old injury or disease may have altered t 
alignment pattern, particularly as related to handedne 
patterns; the effects of a recent illness or injury m 
have been superimposed on an established pattern of i 
balance; or a child with a lateral curvature of the spine 
may be in a transition stage between a C-curve and a 
S-curve. 





Except in flexible children, postural faults see 
the time of examination will usually correspond with 
habitual faults of the given individual. With children, 
is necessary and advisable to do repeated tests of alig 
ment and to obtain information regarding their habit 
posture from the parents and teachers who see them f 
quently. It is also advisable to keep photographic reco 
of posture to attain a really worthwhile evaluation 
postural changes in growing children. 
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POSTURAL EXAMINATION CHART 






Маше ET EE EE MERE Doctor............ 
Diagnosis... ..Date of 1st Ex... 
Onset.. «Date of 2nd Ex.. 
Occupation.. Height.. Weight.. 
Handedness...................... Age Sex Leg length: Left........... Right 
PLUMB ALIGNMENT 
Side view Lt Rt 
Back view Deviated It Deviated rt. 
SEGMENTAL ALIGNMENT 
Hammer toes Hallux valgus Low ant. arch Ant. foot varus 
Feet Pronated Supmated Flat long, arch Pigeon toes 
Med rotat. Lat. rotat Knock-knees 
Knees Hyperext Flexed Bowlegs Tibial torsion 
Pelvis Leg in postural add Rotation Tilt Deviation 
Low back Lordosis Flat Kyphosis Operation 
Up back Kyphosis Flat Scap abducted Scap. elevated 
Thorax Depressed chest Elevated chest Rotation Deviation 
Spine Total curve Lumbar Thoracic Cervical 
Abdomen Protruding Scars 
Shoulder Low High Forward Med rotated 
Head Forward Torticollis Lateral Tilt Rotation 
TESTS FOR FLEXIBILITY AND MUSCLE LENGTH 
Forward bending. . Bk HS GS TREATMENT 
Arm overhead elevation: Lt Rt 
Hip flexors: Lt... Rt 
Tensor fas. lata Lt. . Rt 
Trunk extension: 
Trunk lat. flex.: To It 
L MUSCLE STRENGTH TESTS Rag t Exercises: 
Bk. Lying Pel. tilt and breath. 
Mid tr a Fy, 
NS NS 1 Pel tilt and leg si 
№2 “Я Head and sh. raising 
: d Shoulder add. stretch 
А Straight leg-raise 
Hip flex stretch 
n t \ Sd. Lying Stretch .. .. tensor 
Hip fle Sitting Forward bending 
Tib. poste To stretch low bk. 
e flex =) se LOWER а To stretch h. s. 
я Wall-sitting 
Left SHOE CORRECTION Right Middle trapezius 
(Wide Heel) Lower trapezius 
Inner wedge Standing Foot and knee ex. 
(Narrow heel) 5 
РІ Wall-standing 
Hee USE Other Exercises: 
Metatarsal support 
Longitudinal support 
NOTES: 





Support: 
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GOOD AND FAULTY POSTURE: 
SUMMARY CHART 


Chart 2-1 


m—  —————— a Ó"]ÓY J €]MÓ]ÀÀÁÓÀÀÁAÓAÓÀ—Á ÁÓÁÀÀÁÓ—MÀÁ—ÀÓ IP 


Good Posture 


In standing, the longitudinal arch has the shape 
of a half-dome. 


Barefoot or in shoes without heels, the feet out- 
toe slightly. 


In shoes with heels, the feet are parallel. 

In walking with or without heels, the feet are par- 
allel, and the weight is transferred from the heel 
along the outer border to the ball of the foot. 

In sprinting, the feet are parallel or in-toe 
slightly. The weight is on the balls of the feet 
and toes, because the heels do not come in 
contact with the ground. 


Toes should be straight (i.e., neither curled 
downward nor bent upward). They should ex- 
tend forward in line with the foot and not be 
squeezed together or overlap. 


Legs are straight up and down. Kneecaps face 
straight ahead when feet are in good position. 
In side view, the knees are straight (i.e., neither 
bent forward nor locked backward). 


Ideally, the body weight is borne evenly on 
both feet, and the hips are level. One side is 
not more prominent than the other as seen 
from front or back, nor is one hip more forward 
or backward than the other as seen from the 
side. The spine does not curve toward the left 
or toward the right. (A slight deviation to the 
left in right-handed individuals and to the right 
in left-handed individuals is not uncommon. 
Also, a tendency toward a slightly low right 
shoulder and slightly high right hip is fre- 
quently found in right-handed people, and vice 
versa in left-handed people.) 


Part 
Feet 


Knees and legs 


Hips, pelvis, 
and spine 
(back view) 


Faulty Posture 


Low longitudinal arch or flat foot. 


Low metatarsal arch, usually indicated 
by calluses under the ball of the foot. 


Weight borne on the inner side of the 
foot (pronation). "Ankle rolls in." 


Weight borne on the outer border of 
the foot (supination). "Ankle rolls out." 
Out-toeing while walking or while 
standing in shoes with heels (''slue- 
footed"). 

In-toeing while walking or standing 
(""pigeon-toed"'). 


Toes bend up at the first joint and 
down at middle joints so that the 
weight rests on the tips of the toes 
(hammer toes). This fault is often asso- 
ciated with wearing shoes that are too 
short. 


Big toe slants inward toward the mid- 
line of the foot (hallux valgus) 
"Bunion." This fault is often associated 
with wearing shoes that are too nar- 
row and pointed at the toes. 


Knees touch when feet are apart 
(knock-knees). 

Knees are apart when feet touch 
(bowlegs). 

Knee curves slightly backward (hyper- 
extended knee). 'Back-knee."' 


Knee bends slightly forward; that is, it 
is not as straight as it should be 
(flexed knee). 


Kneecaps face slightly toward each 
other (medially rotated femurs). 


Kneecaps face slightly outward (later- 
ally rotated femurs). 


One hip is higher than the other (lat- 
eral pelvic tilt). Sometimes, it is not re- 
ally much higher but only appears to 
be so, because a sideways sway of the 
body has made it more prominent. 
(Tailors and dressmakers often notice 
a lateral tilt, because the hemline of 
skirts or the length of trousers must be 
adjusted to the difference.) 


The hips are rotated so that one is 
more forward than the other (clock- 
wise or counterclockwise rotation). 





GOOD AND FAULTY POSTURE: 
SUMMARY CHART 
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Good Posture Part 


The front of the pelvis and the thighs are in a 
straight line. The buttocks are not prominent in 
the back but slope slightly downward. 

The spine has four natural curves. In the neck 
and lower back, the curves are forward; in the 
upper back and lowest part of the spine (sacral 
region), they are backward. The sacral curve is 
a fixed curve, whereas the other three are flex- 
ible. 


(side view) 


In children up to approximately 10 years of Abdomen 
age, the abdomen normally protrudes some- 


what. 


In older children and adults, the abdomen 
should be flat. 

A good position of the chest is one in which it | Chest 
is slightly up and slightly forward (with the 

back remaining in good alignment). 

The chest appears to be in a position approxi- 

mately halfway between that of a full inspira- 

tion and a forced expiration 


Arms and 
shoulders 


Arms hang relaxed at the sides with palms 
facing toward the body. Elbows are slightly 
bent, so the forearms hang slightly forward. 
Shoulders are level, and neither one is more 
forward or backward than the other when seen 
from the side. 


Shoulder blades lie flat against the rib cage. 
They are neither too close together nor too 
wide apart. In adults, a separation of about 4 
inches is average. 


Head is held erect, in a position of good bal- Head 


ance. 


Spine and pelvis 


Faulty Posture 


The lower back arches forward too 
much (lordosis). The pelvis tilts for- 
ward too much. The front of the 
thigh forms an angle with the pelvis 
when this tilt is present. 


The normal forward curve in the 
lower back has straightened. The 
pelvis tips backward as in sway-back 
and flat-back postures. 


Increased backward curve in the up- 
per back (kyphosis or round upper 
back). 


Increased forward curve in the neck. 
Almost always accompanied by 
round upper back and seen as a for- 
ward head. 

Lateral curve of the spine (scoliosis) 
toward one side (C-curve) or both 
sides (S-curve). 


Entire abdomen protrudes. 


Lower part of the abdomen pro- 
trudes; the upper part is pulled in. 


Depressed ('"hollow-chest") position. 


Lifted and held up too high, brought 
about by arching the back. 


Ribs more prominent on one side 
than on the other. 


Lower ribs flaring out or protruding. 


Holding the arms stiffly in any posi- 

tion forward, backward, or out from 

the body. Arms turned so that palms 
face backward. 


One shoulder higher than the other. 
Both shoulders hiked-up. One or 
both shoulders drooping forward or 
sloping. Shoulders rotated either 
clockwise or counterclockwise. 
Shoulder blades pulled back too 
hard. Shoulder blades too far apart. 
Shoulder blades too prominent, 
standing out from the rib cage 
(winged scapulae). 


Chin up too high. 
Head protruding forward. Head tilted 
or rotated to one side. 
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FAULTY POSTURE: ANALYSIS 
AND TREATMENT 
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Anatomical 
Position 
of Joints 


Postural 
Fault 


Forward 
head 


Kyphosis 
and 


depressed 
chest 


Forward 
shoulders 


Lordotic 
posture 


Flat-back 
posture 


Cervical spine 
hyperextension 


Thoracic spine 
flexion 
Intercostal 
spaces 
diminished 


Scapulae 
abducted and 
(usually) 
elevated 


Lumbar spine 
hyperextension 


Pelvis, anterior 
tilt 


Hip joint 


flexion 


Lumbar spine 
flexion 


Pelvis, posterior 


tilt 


Hip joint 
extension 


and levator 





Muscles in Muscles in 
Shortened Lengthened 
| Position Position 
Cervical spine Cervical spine 
extensors flexors 


Upper trapezius 


Upper and lateral = Thoracic spine 
fibers of Internal extensors 


oblique Middle trapezius 
Shoulder adductors Lower trapezius 


Pectoralis minor 
Intercostals 


Serratus anterior Middle trapezius 
Pectoralis minor Lower trapezius 


Upper trapezius 


Lower back erector Abdominals, 


spinae especially 
Internal oblique external oblique 
(upper) (lateral) 

Hip flexors Hip extensors 
Anterior Lower back 
abdominals erector spinae 


Hip extensors Hip flexors 


(one-joint) 


Treatment Procedures 


Stretch cervical spine extensors, if short, 
by trying to flatten the cervical spine. 
Strengthen cervical spine flexors, if 
weak. A forward head position is 
usually the result of a faulty upper badk 
posture. If neck muscles are not tight 
posteriorly, the head position will usually 
correct as the upper back is corrected. 
Strengthen the thoracic spine extensors. 
Do deep breathing exercises to help 
stretch the intercostals and the upper 
parts of abdominal muscles. Stretch the 
pectoralis minor. Stretch the shoulder 
adductors and internal rotators, if short. 
Strengthen the middle and lower 
trapezius. Use shoulder support when 
indicated to help stretch the pectoralis 
minor and relieve strain on the middle 
and lower trapezius. (See exercises and 
supports, pp. 116, 163, and 343. 


Stretch low back muscles, if tight. 
Strengthen abdominals by posterior 
pelvic tilt exercises and, if indicated, by 
trunk curl. Avoid sit-ups, because they 
shorten hip flexors. Stretch hip flexors, 
when short. Strengthen hip extensors, 
if weak. 


Instruct regarding proper body 
alignment. Depending on the degree of 
lordosis and extent of muscle weakness 
and pain, use support (corset) to relieve 
strain on abdominals and help correct 
the lordosis. 

б І 
Low back muscles аге seldom weak, 
but if they are, do exercises to strengthen 
them and restore the normal anterior 
curve. Tilt the pelvis forward, bringing 
the low back into an anterior curve. 
Avoid prone hyperextension, because it 
increases posterior pelvic tilt and 
stretches hip flexors. (See p. 228.) 


Instruct in proper body alignment. If 
the back is painful and in need of 
support, apply a corset that holds the 
back in a normal anterior lumbar curve. 


Strengthen hip flexors to help produce 
a normal anterior lumbar curve. 
Stretch hamstrings, if tight. 





FAULTY POSTURE: ANALYSIS AND 


TREATMENT 
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Muscles in 


Lengthened 
Position 


Postural 
Fault 


Sway-back 
posture 
(pelvis 
displaced 
forward, 
upper trunk 
backward) 


Slight left 
C-curve, 
thoraco- 
lumbar 
scoliosis 


Prominent 
or high 
right hip 


Pelvis, lateral 


displacement 
of upper trunk 
Pelvis, 
posterior tilt 
Hip joint 


extension 


Thoracolumbar 
spine: lateral 
flexion, convex 
toward left 


Anatomical Muscles in 
Position Shortened 
of Joints Position 

Lumbar spine Upper anterior 
position depends» abdominals, 

on level especially upper 
of posterior rectus and 


internal oblique 


Hip extensors 


Right lateral trunk 
muscles 


Opposite for right C-curve. 


tilt,high on 
right 

Right hip joint, 
adducted 

Left hip joint, 
abducted 


Left psoas major 


Right lateral trunk 


muscles 


Left hip abductors 
and fascia lata 


Right hip 


adductors 


Lower anterior 
abdominals, 
especially 
external oblique 


Hip flexors 
(one-joint) 


Left lateral 


trunk muscles 


Right psoas 


major 


Left lateral 
trunk muscles 


Right hip 
abductors, 
especially the 
gluteus medius 
Left hip 
adductors 


Opposite for posture with right C-curve and high left hip.| 


Treatment Procedures - 


Strengthen lower abdominals (stress 
external oblique). Stretch arms over- 
head and do deep breathing to stretch 
tight intercostals and upper abdominals. 
Instruct in proper body alignment. Wall- 
standing exercise is particularly useful. 
Stretch hamstrings, if tight. Strengthen 
hip flexors, if weak, using alternate hip 
flexion in the sitting position or alter- 
nate leg raising from the supine position. 
Avoid double leg-raising exercises 
because of strain on the abdominals. 


If present without lateral pelvic tilt, 
stretch the right lateral trunk muscles, if 
short, and strengthen the left lateral 
trunk muscles, if weak. 
If present with lateral pelvis tilt, see 
below for additional treatment 
procedures. 
Correct faulty habits that tend to increase 
the lateral curve: 
Avoid sitting on left foot in manner 
that thrusts the spine toward the left; 
Avoid lying on the left side, propped 
up on an elbow, to read or write. 


If weak, exercise the right iliopsoas in 
sitting position. (See p. 113.) 


Stretch the right lateral trunk muscles, if 


short. Strengthen the left lateral trunk 
muscles, if weak. 


Stretch the left lateral thigh muscles and 
fascia, if short. Specific exercises to 
strengthen the right gluteus medius are 
not required to correct slight postural 
weakness; functional activity will suffice 
if the alignment is corrected and 
maintained. The subject should: 

Stand with weight evenly distributed 

over both feet, with the pelvis level. 

Avoid standing with weight on the 

right leg, causing the right hip to 

be in postural adduction. 

Temporarily use a straight raise on the 

heel of the left shoe (usually '/16 inch) 

or a pad on the inside heel of the shoe 


and in bedroom slippers. 
S m pedroom süppers. iu 







FAULTY LEG, KNEE, AND FOOT 
POSITIONS: ANALYSIS AND TREATMENT 
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_ Postural Fault 


Hyperextended 
knee 


Flexed knee 





Anatomical Muscles in 
Position Shortened 
of Joints Position 

Knee Quadriceps 
hyperextension Solus 

Ankle plantar 

flexion 

Knee Hexion Popliteus 
Ankle Hamstrings at 
dorsiflexion knee 


Medially rotated Hip joint, medial Hip medial 


femur (often 
associated with 
pronation 

of foot, see 
below) 


Knock-knee 
(Genu valgum) 


Postural 
bowlegs 


Pronation 


Supination 


Hammer toes 
and low 
metatarsal 
arch 


rotation rotators 

Hip joint Fascia lata 
adduction Lateral knee 
Knee joint joint 
abduction structures 
Hip joint 

medial rotation Quadriceps 
Knee joint | Foot everters 
hyperextension 


Foot pronation 


Muscles in 
Lengthened 
| Position 


Popliteus 


Hamstrings at 
knee, short head 


Quadriceps 
Soleus 


Hip lateral 
rotators 


Medial knee 
joint structures 


Popliteus 


Tibialis posterior 
and long toe 
flexors 


Treatment Procedures 


Instruct regarding overall postural 
correction, with emphasis on 
avoiding knee hyperextension. In 
those with hemiplegia, use a 
short leg brace with a right-angle 
stop. 


Stretch the knee flexors, if tight 

Perform overall postural correc- 

tion. Knee flexion may be second- 
ary to hip flexor shortness. Chak 
length of the hip flexors; stretch, 
if short. 


Stretch the hip medial rotators, H 
tight. Strengthen the hip lateral 
rotators, if weak. Young children 
should avoid sitting in reverse tat 
lor fashion (i.e., W position). Gee 
below for correction of any ac- 


companying pronation.) 


Use an inner wedge on heels, if 
feet are pronated. Stretch the ё 
cia lata, if indicated 


Hip medial rotators Hip lateral rotators | Perform exercises for overall oœ 


rection of foot, knee, and hip po- 1 
sitions. Avoid knee hyperexten- 
sion. Strengthen the hip lateral 
rotators. Use inner wedges on 
heels to correct foot pronation. 


Stand with feet straight ahead and about 2 inches apart. Relax the knees ino 1 
an "easy" position (i.e., neither stiff nor bent), Tighten the muscles that lift the 1 
arches of the feet, rolling the weight slightiy toward the outer borders of the 1 
feet. Tighten the buttocks muscles to rotate the legs slightly outward (until the 1 
kneecaps face directly forward). 


Foot eversion 
extensors 


Foot inversion Tibialis 


Metatarso- 
phalangeal joint 
hyperextension 
Proximal inter- 
phalangeal joint 
flexion 


Toe extensors 





Peroneals and toe 


Tibialis posterior 
and long toe 
flexors 


Peroneals 


Lumbricales 
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Use inner wedges on heels. (Пан 
ally Ve inch on wide heels, and V* 
inch on medium heels.) Perform 1 
overall correction of posture of 
feet and knees. Use exercises to 1 
strengthen the inverters. Instruct 
in proper standing and walking. 


Use outer wedge on heels. Per 
form exercise for peroneals. 


Stretch metatarsophalangeal 
joints by flexion; stretch interpha- 
langeal joints by extension. 
Strengthen lumbricales by 
metatarsophalangeal joint flexion 


Use a metatarsal pad or bar. 

















The following muscles tend to show evidence 
of acquired postural weakness: 


Toe flexors (brevis and lumbricales) 

Middle and lower trapezius 

Upper back extensors 

Anterior abdominal muscles (as tested by 
leg-lowering test) 


Anterior neck muscles 


Right-handed individuals: 


Left lateral trunk muscles 

Right hip abductors 

Right hip lateral rotators 

Right peroneus longus and brevis 
Left tibialis posterior 

Left flexor hallucis longus 

Left flexor digitorum longus 


Left-handed individuals, but the pattern is not 
as common as that occurring in right-handed 
individuals: 

Right lateral trunk muscles 

Left hip abductors 

Left hip lateral rotators 

Left peroneus longus and brevis 

Right tibialis posterior 

Right flexor hallucis longus 

Right flexor digitorum longus 


fast oc ol, | оем 
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FAULTY LEG, KNEE, AND FOOT 
POSITIONS: ANALYSIS AND TREATMENT 









———— —————— es EE 
Anatomical 
Position 
of Joints 


Knee 
hyperextension 


Postural Fault 


Hyperextended 
knee 


Flexed knee 


Medially rotated 


femur (often 
associated with 
pronation 

of foot, see 
below) 


Knock-knee 
(Genu  valgum) 


Postural 
bowlegs 


Pronation 


Supination 


Hammer toes 
and low 
metatarsal 
arch 


Ankle plantar 
flexion 


Knee flexion 


Ankle 
dorsiflexion 


Hip joint, medial 
rotation 


Hip joint 
adduction 
Knee joint 
abduction 

Hip joint 
medial rotation 
Knee joint 
hyperextension 
Foot pronation 


Foot eversion 


Foot inversion 


Metatarso- 
phalangeal joint 
hyperextension 
Proximal inter- 
phalangeal joint 
flexion 


Muscles in Muscles in 
Shortened Lengthened 
Position Position 
Quadriceps Popliteus 
Soleus Hamstrings at 
knee, short head 
Popliteus Quadriceps 
Hamstrings at Soleus 
knee 
Hip medial Hip lateral 
rotators rotators 
Fascia lata Medial knee 
Lateral knee joint structures 
joint 
structures 


Hip medial rotators 
Quadriceps 
Foot everters 


Popliteus 


and long toe 
flexors 


Hip lateral rotators 


Tibialis posterior 


Treatment Procedures 


Instruct regarding overall postural 


correction, with emphasis on 
avoiding knee hyperextension. In 
those with hemiplegia, use a 
short leg brace with a right-angle 
stop. 


Stretch the knee flexors, if tight. 
Perform overall postural correc- 
tion. Knee flexion may be second- 
ary to hip flexor shortness. Check 
length of the hip flexors; stretch, 
if short. 


Stretch the hip medial rotators, if 
tight. Strengthen the hip lateral 
rotators, if weak. Young children 
should avoid sitting in reverse tai- 
lor fashion (i.e., W position). (See 
below for correction of any ac- 
companying pronation.) 


Use an inner wedge on heels, if 
feet are pronated. Stretch the fas- 
cia lata, if indicated 


Perform exercises for overall 
rection of foot, knee, and hip po- 
sitions. Avoid knee hyperexten- 
sion. Strengthen the hip lateral 
rotators. Use inner wedges on 
heels to correct foot pronation. 


Stand with feet straight ahead and about 2 inches apart. Relax the knees into 
an "easy" position (i.e., neither stiff nor berit), Tighten the muscles that lift the 
arches of the feet, rolling the weight slightly toward the outer borders of the 
feet. Tighten the buttocks muscles to rotate the legs slightly outward (until the 


kneecaps face directly forward). 


Peroneals and toe 


extensors and long toe 
flexors 

Tibialis Peroneals 

Toe extensors Lumbricales 


Tibialis posterior 


Use inner wedges on heels. (Usu- 


ally Vs inch on wide heels, and Vie 
inch on medium heels.) Perform 
overall correction of posture of 
feet and knees. Use exercises to 
strengthen the inverters. Instruct 
in proper standing and walking. 


Use outer wedge on heels. Per- 
form exercise for peroneals. 


Stretch metatarsophalangeal 
joints by flexion; stretch interpha- 
langeal joints by extension. 
Strengthen lumbricales by 
metatarsophalangeal joint flexion. 
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The following muscles tend to show evidence 
of acquired postural weakness: 
Toe flexors (brevis and lumbricales) 
Middle and lower trapezius 
Upper back extensors 


Anterior abdominal muscles (as tested by 
leg-lowering test) 


Anterior neck muscles 


Right-handed individuals: 


Left lateral trunk muscles 

Right hip abductors 

Right hip lateral rotators 

Right peroneus longus and brevis 
Left tibialis posterior 

Left flexor hallucis longus 

Left flexor digitorum longus 


Left-handed individuals, but the pattern is not 
as common as that occurring in right-handed 
individuals: 

Right lateral trunk muscles 

Left hip abductors 

Left hip lateral rotators 

Left peroneus longus and brevis 

Right tibialis posterior 

Right flexor hallucis longus 









Right flexor digitorum longus 
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SECTION IV: POSTURE OF CHILDREN 


INTRODUCTION 


The preceding section dealt with posture primarily in 
relation to the adult. This section introduces a variety of 
concepts dealing with the development of postural habits 
in the growing individual and a variety of influences that 
affect such development. No attempt is made to give the 
various concepts either exhaustive or equal treatment. 
The authors hope that this material will be useful from 
the standpoint of prevention and that it will create, 
through a recognition of the factors involved in postural 
development, a more positive approach toward provid- 
ing, within available limits, the best possible environ- 
ment for good posture. 


Good posture is not an end in itself; it is a part of 
general well-being. Ideally, posture instruction and train- 
ing should be a part of general experience rather than a 
separate discipline. To the extent that parents and teachers 
are able to recognize the influences and habits that help to 
develop good or faulty posture, they will be able to con- 
tribute to this aspect of well-being in the daily life of grow- 
ing individuals. Nevertheless, posture instruction and train- 
ing should not be neglected in a good program of health 
education; attention should be paid to observable faults. 
When instruction is given, it should be simple and accu- 
rate; while it must not be neglected, neither should it be 
overemphasized. It should be given in such a manner as to 
capture the interest and cooperation of the child. 


NUTRITIONAL FACTORS 


Good postural development is dependent on good struc- 
tural and functional development of the body, which in 
turn is highly dependent on adequate nutrition. The in- 
fluence of nutrition on the proper structural development 
of skeletal and muscular tissues is particularly signifi- 
cant. Rickets, for example, which is often responsible 
for severe skeletal deformities in children, is a disease of 
vitamin D deficiency. 


After growth is completed, poor nutrition is less 
likely to cause structural faults that directly affect pos- 
ture. At this stage, deficiencies are more likely to inter- 
fere with physiological function and to be represented 
posturally in a position of fatigue. The body uses food 
not only for growth but also for fuel, transforming it into 
heat and energy. If the fuel is insufficient, energy output 
decreases, and so does general physiological efficiency. 
Nutritional deficiencies in the adult are most likely to 
occur when unusual physiological demands are made on 
the individual over a period of time. 


DEFECTS, DISEASES, 
AND DISABILITIES 


Certain physical defects, diseases, and disabilities have 
associated postural problems. These conditions can be 
roughly divided into three groups regarding the impor- 
tance of attention to posture in their treatment. 

The first group consists largely of physical defects 
in which the postural aspects are more potential than ac- 
tual during the initial stages, then become a problem 
only if the defect cannot be completely corrected by 
medical or surgical means. These defects may be visual, 
auditory, skeletal (e.g., clubfoot or dislocation of the 
hip), neuromuscular (e.g., brachial plexus injury), or 
muscular (e.g.. wry neck). 

The second group includes conditions that are in 
themselves potentially disabling but in which continuing 
attention to posture from the early stages can minimize 
the disabling effects. In an arthritic condition of the 
spine (e.g., Marie-Striimpell), if the body can be kept in 
good functional alignment during the time that fusion of 
the spine is taking place, the individual may have little 
obvious deformity and only moderate disability when 
the fusion is complete. If the postural aspect is disre- 
garded, however, the trunk is usually in marked flexion 
when fusion of the spine is complete. This is a position 
of severe deformity and associated severe disability. 

The third group contains conditions in which a de- 
gree of permanent disability exists as a result of injury 
or disease but in which added postural strain can greatly 
increase the disability. The amputation of a lower ex- 
tremity, for example, throws an unavoidable extra bur- 
den on the remaining weight-bearing structures. A pos- 
tural alignment that minimizes (as much as possible) the 
mechanical strains of position and motion does much to 
keep these structures from breaking down. 


ENVIRONMENTAL FACTORS 


A number of environmental factors influence the devel- 
opment and maintenance of good posture. These envi- 
ronmental influences should be made as favorable to 
good posture as is practical. When no major adjustment 
is possible, small adjustments will often contribute con- 
siderably. The following discussion takes into account 
factors such as chairs, desks and beds, because they il- 
lustrate environmental influences on posture in the sit- 
ting and lying positions. After children start school, the 
amount of time they spend in the sitting position in- 
creases considerably. The school seat is an important 
factor affecting posture. 
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Both the chair and desk should be adjusted to fit 
the child. The child should be able to sit with both feet 
flat on the floor and with knees bent to about a right 
angle. If the chair is too high, there will be a lack of 
support for the feet. If the chair is too low, the hips and 
knees will bend in too much flexion. The seat of the 
chair should be deep enough from front to back to sup- 
port the thighs adequately, but the depth should not in- 
terfere with bending of the knees. The back of the chair 
should support the child's back. It should also incline 
backward a few degrees so that the child can relax 
against it. (See the illustration of sitting postures on 
p. 85.) 

The top of the desk should be at about elbow level 
when the child is sitting in a good position, and it may 
be slightly inclined. The desk should be close enough 
that the arms can rest on it without the need to lean too 
far forward or to sit forward on the seat of the chair. 


DEVELOPMENTAL FACTORS 


It is important to recognize marked or persistent postural 
deviations in the growing individual, but it is equally im- 
portant to recognize that children are not expected to 
conform to an adult standard of alignment. This is true 
for a variety of reasons, but primarily because the de- 
veloping individual exhibits much greater mobility and 
flexibility than the adult. 

Most postural deviations in the growing child fall 
into the category of developmental deviations; when pat- 
terns become habitual, they may result in postural faults. 
Developmental deviations are those that appear in many 
children at approximately the same age and that improve 
or disappear without any corrective treatment, sometimes 
even despite unfavorable environmental influences (19). 
Whether a deviation in a child is becoming a postural 
fault should be determined by repeated or continued ob- 
servation, not by a single examination. If the condition re- 
mains static or the deviation increases, corrective meas- 
ures are indicated. Severe faults need treatment as soon as 
they are observed, regardless of the age of the individual. 

A young child is not likely to have habitual faults 
and can actually be harmed by unneeded corrective meas- 
ures. Overcorrection may lead to atypical faults that are 
more harmful and difficult to deal with than the ones 
that caused the original concerns. 

Some of the differences between children and adults 
result because in the years between birth and maturity, 
the structures of the body grow at varying rates. In gen- 
eral, body structures grow rapidly at first, then at a grad- 
ually reduced rate. An example of this is the increase in 
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size of the bones. Associated with increased overall 
length of the skeleton is a change in the proportionate 
lengths of its various segments. This change in propor- 
tions occurs as first one part of the skeleton and then an- 
other has the most rapid rate of growth (20,21). The 
gradual tightening of ligaments and fascia as well as the 
strengthening of muscles are significant developmental 
factors. Their effect is to gradually limit the range of 
joint motion toward the range that is typical of maturity. 
The increase in stability that results is advantageous be- 
cause it decreases the danger of strain from handling 
heavy objects or from other strenuous activities. Normal 
joint range for adults should provide an effective balance 
between motion and stability. A joint that is either too 
limited in range or not sufficiently limited is vulnerable 
to strain. 

The child's greater range of joint motion makes pos- 
sible momentary and habitual deviations in alignment 
that would be considered distortions in the adult. At the 
same time, the flexibility serves as a protection against 
developing fixed postural faults. 

As early as 8 or 10 years of age, handedness pat- 
terns related to posture may appear. The slight deviation 
of the spine to the side opposite the higher hip makes an 
early appearance. There also tends to be a compensatory 
low shoulder on the side of the higher hip. In most cases, 
the low shoulder is a less significant factor. Usually, 
shoulder correction tends to follow correction of lateral 
pelvic tilt, but the reverse does not occur. No attempts 
should be made to raise the shoulder into position by 
constant muscular effort. 

Activities that are rather neutral in their effect on 
posture are games or sports in which walking or running 
predominates. Sports that exert an influence toward mus- 
cle imbalance are predominantly one-sided, such as those 
involving use of a racket or a bat. 

The play activities of young children usually are 
varied enough that no problem of muscle imbalance or 
habitual alignment fault is present. However, when a 
child becomes old enough to engage in competitive ath- 
letics, a point may be reached at which further develop- 
ment of skill through intensive practice requires a sacri- 
fice of some degree of good muscle balance and skeletal 
alignment. Although seemingly unimportant at the time, 
the faults acquired may progress until a painful condi- 
tion results. 

Specific exercises may be needed to maintain range 
of joint motion and to strengthen certain muscles if op- 
posing muscles are being overdeveloped by the activity. 
These exercises must be specific for the part in question 
and therapeutic for the body as a whole. 









Figure A shows a 10-year-old child who has very good 
posture for this age. The posture resembles the normal 
adult posture more than that of a younger child. The 
curves of the spine are nearly normal, and the scapulae 
are less prominent. It is characteristic of small children 
to have a protruding abdomen, but there is a noticeable 
change at approximately 10 to 12 years of age, when the 


waistline becomes relatively smaller and the abdomen 
no longer protrudes. 


Figure B shows a 9-year-old child whose posture is 
about average for this age. 

Figure C shows an 11 -year-old child whose pos- 
ture is very faulty, with forward head, kyphosis, lordo- 
sis, anterior pelvic tilt and hyperextended knees. 











A consideration of both normal and abnormal variations 
in the posture of children can be discussed from the 
standpoints of the overall posture and the deviations of 
the various segments. Variations in overall posture of 
children at approximately the same age are illustrated on 
pages 98 and 100. 


FEET 


When a small child is beginning to stand and walk, the 
foot is normally flat. The bones are in a formative stage, 
and the arch structure is incomplete. The arch develops 
gradually along with development of the bones and with 
strengthening of muscles and ligaments. By the age of 6 
or 7 years, one may expect good arch formation. Foot- 
prints taken at regular intervals help to gauge the amount 
of change that has occurred in the arch. These can be 
taken with a podograph; if this is not available, the sole 
of the foot can be painted with Vaseline and a footprint 
made on paper. As the arch increases in height, less of the 
sole in the area of the arch will be seen in the footprint. 


Flat longitudinal arches may persist as a fixed fault, 
or they may recur because of foot strain at any age. Im- 
proper shoes or a habit of standing and walking with the 
feet in an out-toeing position may cause such strain. Ifa 
child's foot is very flat, is pronated, and toes-out in a 
manner that allows the body weight to be borne con- 
stantly on the inner side of the foot, it may be necessary 
to use a slight correction, such as an inner heel-wedge 
or small longitudinal pad in the shoe quite soon after the 
child begins to stand and walk. In most cases, however, 
it is advisable to institute corrective measures only after 
a period of observation. Some individuals fail to develop 
a longitudinal arch and have what is termed a static flat 
foot. In these cases, the alignment of the foot is not 
faulty in regard to pronation or out-toeing, and no symp- 
toms of foot strain are observed. The corrective meas- 
ures usually indicated for flat arches are not indicated in 


such cases. (See p. 80.) 


KNEES 


Hyperextension is a fairly common fault, usually associ- 
ated with lack of firm ligamentous support. It tends to 
disappear as the ligaments tighten, but if it persists as a 
postural habit, a corrective effort should be made by 
postural training. (See page 81.) 

A degree of knock-knee is common in children and 
usually first observed when the child begins to stand. 
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The height and build of the child must be taken into con- 
sideration when judging whether the deviation is a fault, 
but in general, it may be said that a fault exists if the 
ankles are more than 2 inches apart when the knees are 
touching. (See p. 81.) The knock-knee condition should 
show definite improvement and be nonexistent by the 
age of 6 or 7 years. (See Figure A, p. 100.) 

In some cases, knock-kneed children may stand with 
one knee slightly flexed and the other slightly hyperex- 
tended so that the knees overlap to keep the feet to- 
gether. Knock-knees may persist, and in adults, it is 
more prevalent among women than among men. 

Records of the change in the degree of knock-knee 
can be kept by drawing an outline of the legs on paper 
while the child is standing with the knees touching each 
other. Mild to moderate knock-knee conditions are usu- 
ally treated by shoe corrections, but bracing or even sur- 
gery may be required for the more severe cases. 

Bowlegs is an alignment fault in which the knees are 
separated when the feet are together. It may be a pos- 
tural or a structural fault. Postural bowing is a deviation 
associated with knee hyperextension and hip medial ro- 
tation. (See p. 82.) As the posterior ligaments tighten 
and hyperextension decreases, this type of fault tends to 
become less pronounced. If it persists as a postural habit, 
the child should be given instruction to correct the align- 
ment faults. This fault is less easy to correct as the indi- 
vidual approaches maturity, although some degree of 
correction may be obtained in young adults who are very 
flexible. 

Postural bowlegs may be compensatory for knock- 
knees. If a knock-kneed child stands with the legs thrust 
back into hyperextension, the resultant postural bowing 
of the legs will let the feet be brought together without 
having the knees overlap. In this position, the knock- 
knee fault may be obscured, but it will become obvious 
if the legs are brought into a neutral position of knee ex- 
tension. (See p. 83.) 

Postural bowing usually disappears when an indi- 
vidual is recumbent, whereas structural bowing does 
not. Structural bowing requires early treatment; in later 
stages, it may require surgery. 

Drawings to record the change in structural bowlegs 
can be made while the child is in a back-lying position 
with the feet together. Because postural bowing shows 
up only in standing, the drawing must be made in stand- 
ing. This can be done by placing the paper on a wall be- 
hind the standing child. (See p. 81.) 
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Figure A shows the posture of an 18-month-old child. 
The flexed hips and wide stance suggest the uncertain bal- 
ance associated with this age. Although it is not very ev- 
ident in the picture, the subject had a mild degree of 
knock-knees. (This deviation gradually decreased without 
any corrective measures, and by the age of 6 years, the 
child's legs were in good alignment.) The development of 
the longitudinal arch is very good for a child of this age. 

Figure B shows a 7-year-old child who has very 
good posture for his age. 


Figure C shows poor posture in a 6-year-old child. 
There is forward head, kyphosis, depressed chest and a 
tendency toward sway-back posture. Prominence of the 
scapulae is evident in side view. 

Figure D shows marked lordosis in an 8-year-old 
child. A corset to hold the back in good alignment and 
to support the abdomen is needed, along with therapeu- 
tic exercises when alignment is this faulty. 





NECK AND TRUNK 


Beginning in infancy, there is a persistent imbalance be- 
tween the strength of the anterior and posterior muscles 
of the trunk and neck. The greater strength of the poste- 
rior muscles permits the child to raise the head and trunk 
backward long before being able to raise either one for- 
ward without assistance. Although the abdominal and 
neck flexor muscles never match the strength of their 
opponents, their relative strength is much greater in the 
adult than in the child. Thus, in this regard, individuals 
should not be expected to conform to the adult standard 
until they are approaching maturity. 

It is characteristic of small children to have a pro- 
truding abdomen. For the most part, the contour of the 
abdominal wall changes gradually, but a noticeable 
change occurs at approximately 10 to 12 years of age, 





when the waistline becomes relatively smaller and the 
abdomen no longer protrudes. 

The posture of the back varies somewhat with the 
age of the child. A small child may stand bent slightly- 
forward at the hips and with the feet apart for better bal- 
ance (see Figure A). Children of early school age appear 
to have a typical deviation of the upper back in which 
the shoulder blades are quite prominent. Beginning at 
approximately 9 years of age, there seems to be a ten- 
dency for increased forward curve or lordosis of the low 
back. The deviations should become less pronounced as 
the child grows older (19,22). 


Normal range of motion for lumbar flexion and 
extension has been shown to decrease with increasing 
age in both children and adults (23-25). 


The ability to touch the toes with the fingertips may be 
considered normal for young children and adults. Be- 
tween the ages of 11 and 14 years, however, many indi- 
viduals who show no signs of muscle or joint tightness 
are unable to complete this movement. The proportion- 
ate length of the trunk and lower extremities is different 
in this age group compared with that of younger and 
older age groups. 

These five drawings are representative of the ma- 
jority of individuals in each of the following age groups: 
Figure A, | to 3 years; Figure B, 4 to 7 years; Figure 
C, 8 to 10 years; Figure D, 11 to 14 years; and Figure 
E, 15 years and older. 











NORMAL FLEXIBILITY ACCORDING TO 


AGE LEVEL 


Reaching to touch the fingertips to the toes while 
sitting with legs extended shows interesting and signifi- 
cant variations according to age. The chart on the fol- 
lowing page and the figures below indicate the varia- 
tions in normal accomplishment of this movement at 
different age levels (26). 

The change from the apparently extreme flexibility 
of the youngest child to the apparently limited flexibil- 
ity of the child in Figure D occurs gradually, over a 
period of years, as the legs become proportionately 
longer in relation to the trunk. Standards of performance 
for children that involve forward bending should take 
into consideration normal variations in the ability to 
complete the range of this movement (27). 





This 6-year-old girl touches her toes easily. There is 
good contour of the back and normal hamstring length. 


This subject is a 12-year-old girl. The inability to touch 
the toes is typical of this age. (See also pp. 102 and 
105.) Sometimes, leg length is the determining factor, 
and sometimes, as in this case, there is slight shortness 
of the hamstrings at this age. 
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CHART 1-A 


FLEXIBILITY TEST #1: TOUCHING FINGER-TIPS TO TOES 
Measurements of 5115 Individuals 


































































































MALE FEMALE 
—————— 
Range of % Сап | Total | Grade | Total |% Can Range of 
Limitation | Mean | Touch | Ex'd. | Age | Ex'd. |Touch| Mean | Limitation 
1а" -9 | 23/4" | вез | 12 | К | 1 | 99% | 3%" | sn - а" 
1" - 10" 4" | 74% | 125 d 108 | 83% | з" Vp" – 4" 
3" tox 147 П 152 | 63% | 31⁄2" | 1/2" - 101/2 
4 
31/2" | 52% | 150 Ш 192 | 59% 4" 2" – 81/2" 
4 —+ 
41/2" | 52% | 150 n | 158 | 57% | 412" | 1^ - 131/2" 
p | 
anar | 50% | 158 | io | Va | 59% | 4 12" - 8 
+ + - + 
arja" | 41% | 140 M | 156 | 49% | 4%" | 1/2" - 10" 
а" | 28% | 100 | YH | лоо | 43% | в" |12" - 1175 
- — = - T 
4%" | ao% | 091 | УШ | 115 [309 | 5° | 15" – 10" 
= T 
19" - 107 | 41/2” | 50% | 222 m 108 | 37% | 512" | 2" - 13" 
T | t 
Ya" - 121/2" | 32" | 60% | 100 K 498 | 59% | 5 TMo* — 12" 
Dx T T 
Ma^ - 1215" | 5" | 64% | 100 | i 507 | 64% | 5 i*- 12" 
4 + + + 
17-12" з" | 87% | 113 | XI. | aos | вәз | 5" л" – 14" 
| T 
i" - 17" a” | 90% | 275 | 1g.59 | 307 | 95% | 3” | 1” - 61/2" 
i 4-28-22 4_ | 
Total number tested: 2033 3082 Total number tested 
CHART 1-B 
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FLEXIBILITY TEST 2: TOUCHING 


FOREHEAD TO KNEES 





MEASUREMENTS OF 3929 INDIVIDUALS (26) 
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FLEXIBILITY TEST #2: TOUCHING FOREHEAD TO KNEES 




























































































Measurements of 3929 Individuals 
MALE | FEMALE 
t — 
Range of % Сап | Total | Grade | Total |% Can Range of 
Limitation | Mean | Touch | Ex'd. | Age | Ex'd. | Touch | Mean | Limitation 
12" – 10" | 5" 5% 102 К | 102 | 16% | 4” | 1/2" – 71/2" 
— + + T + 
2" - 1112 3^ 2% 125 | 108 5% 6" V," - 101/2" 
ES T Fi П 
3 13" |71 2% 147 7 152 6% 7 1 131/2 
Е | | | T 
2 11 6! | 1% үа 8 192 5 6 1 111/2 
—+ + 
4 14 a" | 2% 150 ру 158 | 3% | 772" | 1 121/2 
ү + + + 
1 121/2 1” 0 158 M 174 2 6" 1 101/2 
| 10 is: 
11/2" - 15 ?! 0 | 140 А 156 49 63/4 2" – 1112" 
Fais = 
1/5" 1." vir T 1 UL 
31/2" - 131/2"| 9 19 100 12 100 | 5% 6 2 11/2 
4 
1" – 18 8" 1% | 112 | Ха 116 | 4% | 7" 11/2" - 20 
pr j =ч ic і + 
2 197 10 1% | 215 | m 129 | 6% 7 12° - 12 
[- a NETS ЁС | 
1/7” - 19" | 9 1% | 100 15 | 73 | 6% 8" | 1" - 181/2” 
= | + AU ые 
|2'2 23'/;"| 11" | 1 | 100 | 16 | 277 0 8" 1 181/2 
+ + 1—0, 
15". – 18" | в" 1% | 113 m 281 | 1% | в” | 127 - 20" 
4 ==. 
Total number tested 1712 2117 Total number tested 
CHART 2-B 
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PROBLEMS WITH "PHYSICAL 
FITNESS TESTS" 


PHYSICAL FITNESS TESTS 


Many tests have been designed to evaluate the physical 
fitness of schoolchildren, armed services personnel, ath- 
letic teams, and countless others engaged in health and 
fitness programs. The same movements also have been 
used as exercises to build strength, endurance and flexi- 
bility. Awards, promotions, and accolades are given or 
withheld on the basis of these test results. 

In spite of long-standing and widespread use, three 
tests in particular need to be re-evaluated: 


1. Knee-bent sit-ups. 
2. Push-ups. 
3. Sit-and-reach. 


The usefulness of these tests depends on their accu- 
racy and their ability to detect deficiencies. Unfortu- 
nately, these tests have become an evaluation of the per- 
formance rather than a measure of the physical fitness 
of the performer (27,28). Emphasis is on excesses— 
speed of performance, number of repetitions, and extent 
of stretching—rather than on quality and specificity of 
movement. 


The authors decided to discuss these tests in this 
book because of the need to correct misleading infor- 
mation and because of the adverse effects of these tests 
and their results on both children and adults. 


Knee-Bent Sit-Ups with Feet Held Down 


The knee-bent sit-up test requires that a person perform 
as many sit-ups as possible in a period of 60 seconds. 
The stated purpose of the test is to measure endurance 
and strength of the abdominal muscles. The test does not 
fulfill that purpose, however. Instead, it measures 
strength and endurance of the hip flexor muscles, aided 
in their performance by stabilization of the feet. 

The sit-up movement requires flexion of the hip 
joints, and this movement can be performed only by hip 
flexors. Abdominal muscles do not cross the hip joint, 
so they cannot assist in the hip flexion movement. 

Abdominal muscles flex the spine (i.e., curl the 
trunk), and to test the strength of these muscles, the 
trunk must be curled. If these muscles can hold the trunk 
curled as the movement of hip flexion is performed, this 
indicates good upper abdominal muscle strength. 

The problem with using the sit-up movement as a 
test or an exercise lies in the failure to differentiate be- 
tween a "curled-trunk sit-up" and an "arched-back sit- 





up." The former involves strong contraction of the ab- 
dominal muscles to hold the trunk curled; the latter puts 
a stretch on the abdominal muscles and a strain on the 
low back. This strain may be felt by both children and 
adults when they are required to perform as many sit-ups 
as possible in the time allotted. 

Many will start the sit-up with the trunk curled. The 
endurance of the abdominal muscles will not be suffi- 
cient to maintain the curl, however, and as the test pro- 
gresses, the back will arch increasingly. Some will not 
have the strength even to curl the trunk initially, and the 
test will be done with the back arched for the entire 60 
seconds. The problem is that those with weak abdominal 
muscles can pass this so-called "abdominal muscle test" 
with a high score. 

The test, as advocated, requires speed of perform- 
ance. For accurate testing of abdominal muscle strength, 
however, the test must be done slowly, making sure that 
the trunk curls before hip flexion starts and that the curl 
is maintained both when hip flexion starts and while 
moving to the sitting position. 

To have validity, the test should require that credit 
be given only for the number of sit-ups that can be per- 
formed with the trunk curled. Currently, the test has no 
such requirement. Furthermore, the test cannot be done 
rapidly if the position of the trunk is to be observed 
closely. (See Chapter 5 for extensive coverage of the sit- 
up movement and testing of upper and lower abdominal 
muscle strength.) 

The people most in danger of being adversely af- 
fected by repeated sit-ups with the knees bent are chil- 
dren and youths because they start with more flexibility 
than adults. Those adults who have low back pain as- 
sociated with excessive low back flexibility also may 
be adversely affected by this exercise. An interesting 
phenomenon in some subjects who have done a great 
number of knee-bent sit-ups is that they show excessive 
flexion in sitting or in forward bending but a lordosis in 
standing. 

It is unfortunate that the ability to do a certain num- 
ber of sit-ups, regardless of how they are performed, is 
used as a measure of physical fitness. Along with push- 
ups, these two exercises probably are stressed more than 
any others in fitness programs. Done to excess, however, 
these exercises tend to increase—or even produce—pos- 
tural faults. 

When, how, and to what extent the knee-bent posi- 
tion should be used is discussed in Chapter 5 on pp. 
207-209. 
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Push-Ups 


When a push-up is performed properly, the scapulae 
abduct as the trunk is pushed upward. The scapulae 
move forward to a position that is comparable to that of 
reaching the arms directly forward. When the serratus 
anterior muscle is weak, the push-up movement still can 
be performed, but the scapulae do not move into the ab- 
ducted position as in a properly performed push-up. 
If the primary purpose of the push-ups is to test 
strength and endurance of the arm muscles, it accom- 
plishes that purpose, but in the presence of serratus 
weakness, it does so at the expense of the serratus 
muscle. Evidence for this is seen in the winging of the 
scapulae and in the inability to complete the range of 
scapular motion in the direction of abduction. (See 
below.) 

When push-ups are done at the expense of the ser- 
ratus muscle, the activity can no longer be considered an 
index for the physical fitness of the person being tested. 





Sit-and-Reach 


Sitting with knees extended, this test is done by reach- 
ing forward to touch fingertips to toes. For young chil- 
dren and most adults, touching the toes in this position 
may be considered a normal accomplishment. Reaching 
beyond the toes usually denotes excessive flexibility of 
the back, excessive length of the hamstrings, or both. 
The stated purpose of the sit-and-reach test is to evalu- 
ate the flexibility of the low back and hamstrings. Scor- 
ing is based on how many inches beyond the toes the in- 
dividual can reach. Ostensibly, the distance beyond 


PROBLEMS WITH "PHYSICAL 
FITNESS TESTS” 


equates with good, better, or best flexibility of the back 
and hamstrings, with emphasis on "the more, the better." 

This test fails to address important variables that af- 
fect test results. Variations in "normal" occur according 
to age group, and limitations result from imbalances 
between the length of back and hamstring muscles. 

This inability to touch toes—much less to reach 
beyond them—is normal for many youths between the 
ages of 10 and 14 years. These children are at a stage of 
growth when the legs are long in relation to the trunk, 
and they should not be forced to touch their toes (27). 
(See p. 101.) 

Limited back flexibility can go undetected if the 
hamstrings are stretched. Individuals with this imbal- 
ance may "pass" the test, whereas many children with 
normal flexibility for their age will "fail." Jt would be 
more accurate to say that the test has failed these chil- 
dren than to say that these children have failed the test. 

In addition to being told that they have "failed," 
many young people are then given exercises to increase 
flexibility of the spine and/or stretch the hamstrings 
when such exercises are unnecessary or even con- 
traindicated. 

Adults will demonstrate numerous variations in 
length of the hamstrings and back muscles (see pp. 174, 
175). Like adolescents, those adults whose legs are long 
in relation to the trunk may have normal flexibility of 
the back and hamstrings yet be unable to touch their 
toes. 

The extensive use of physical fitness tests and the 
importance placed on their results make it imperative 
that these tests be carefully scrutinized. 
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INTRODUCTION 


The normal spine has curves in both anterior and poste- 
rior directions, but a curve in a lateral direction is con- 
sidered to be abnormal. Scoliosis is a lateral curvature of 
the spine. Because the vertebral column cannot bend lat- 
erally without also rotating, scoliosis involves both lat- 
eral flexion and rotation. 

There are many known causes of scoliosis. It may 
be congenital or acquired; it may result from disease or 
injury. Some of the causes involve changes in bony struc- 
ture, such as wedging of a vertebral body, and some re- 
late to neuromuscular problems directly affecting the 
musculature of the trunk. Still others relate to impair- 
ment of an extremity, such as shortness of one leg, or 
impairment of vision or hearing (29). 

Many cases of scoliosis, however, have no known 
cause. These cases are referred to as idiopathic. In spite 
of the battery of tests that are available to help establish a 
cause, a high percentage of cases fall into this category. 

This section on scoliosis deals chiefly with idio- 
pathic scoliosis. Muscle imbalance that exists as a result 
of disease, such as poliomyelitis, is readily recognized as 
a cause of scoliosis when it affects the musculature of the 
trunk. However, muscle imbalance also is present in so- 
called "normal" individuals but often goes unrecognized 
except by those who employ muscle testing when exam- 
ining cases of faulty posture. A basic problem in the 
management of idiopathic scoliosis is failure to accept 
the fact that muscle imbalance, which can exist without 
a known cause, plays an important role in the etiology. 

The following discussion focuses on one segment of 
this subject that deserves more attention than it has re- 
ceived—i.e., the care of patients with early scoliosis for 
whom proper exercises and supports can make a differ- 
ence in outcome. The literature regarding scoliosis is de- 
void of specific procedures for testing overall postural 
alignment and muscle imbalance. 

In examining patients with scoliosis, it is especially 
important to observe the relationship of the overall pos- 
ture to the plumb line. Suspending a plumb line in line 
with the seventh cervical vertebra or the buttocks crease 
(as is frequently done) may be useful in ascertaining the 
curvature of the spine itself. It does not, however, reveal 
the extent to which the spine may be compensating for 
a lateral shift of the pelvis or other postural faults that 
contribute to the lateral pelvic tilt and associated spinal 
deviations. Analysis of postural alignment appears in 
Section II of this chapter. 








SECTION V: SCOLIOSIS 


| HISTORICAL NOTE REGARDING 

EXERCISE PROGRAMS 

Throughout the years, elaborate exercise programs have 
been instituted in response to the treatment needs of pa- 
tients with scoliosis. The creeping exercises advocated 
by Klapp were discarded when problems with chil- 
dren's knees forced the discontinuance of such a pro- 
gram (30). Exercises that overemphasized flexibility 
created problems by making the spine more vulnerable 
to collapse. When treating patients with S-curves. one 
must avoid exercises that adversely affect one of the 
curves while attempting to correct the other. 

It is not surprising, therefore, that the usefulness 
of exercises in cases of scoliosis has been ques- 
tioned. For many years, the attitude has been that 
exercises have little or no value. This idea is not 
new. The following statement was made years ago 
by Risser: 


Tt was customary at the scoliosis clinic at New York Or- 
thopedic Hospital, as late as 1920-1930, to send new pa- 
tients with scoliosis to the gymnasium for exercises. In- 
variably the patients who were 12 to 13 years of age 
showed an increase of the scoliosis ... it was therefore 
assumed that exercises and spinal motion made the curve 


increase (31 ). 


Except in some isolated instances, exercise pro- 
grams for patients with scoliosis continued to be 
looked on with skepticism. The American Academy 
of Orthopedic Surgeons 1985 lecture series included 
this statement: 


Physical therapy cannot prevent a progressive defor- 
mity, and there are those who believe specific spinal ex- 
ercise programs work in a counterproductive fashion by 
making the spine more flexible than it ordinarily would 
be and by so doing making it more susceptible to pro- 
gression (32). 


The overemphasis on flexibility was wrong. Ade- 
quate musculoskeletal evaluation has been lacking. 
As a result, there has been little scientific basis on 
which to justify the selection of therapeutic exercises. 
Scoliosis is a problem of asymmetry, and to restore 

I symmetry requires the use of asymmetrical exercises 
| along with appropriate support. Stretching of tight 
muscles is desirable, but overall flexibility of the 
spine is not. It is better to have stiffness in the best 
attainable position than to have too much flexibility 
of the back. 






SCOLIOSIS RESULTING FROM 
NEUROMUSCULAR DISEASE 


The lessons learned from treating patients with polio 
were easily understood because of the obvious effects of 
the disease on the functions of muscles. People who 
treated these patients appreciated that deformities could 
develop where muscle imbalance existed. They saw the 
devastating effects of muscle weakness and the subse- 
quent tightness or contracture in opposing muscles, not 
the least of which were the effects on the spine. Some 
potentially severe problems were helped by appropriate 
intervention. 

The accompanying photographs show the marked 
weakness of the right abdominal musculature and the 
associated lateral curve. This patient had polio at the age 
of 1 year and 4 months but was not admitted to a hos- 
pital for treatment until the age of 8 years and 8 months. 
She was placed on a flexed frame to relax the abdomi- 


BEFORE 


AFTER 








nal muscles with a pullover strap pulling in the direction 
of the right external oblique. Specific exercises were 
given to the weak muscles of the trunk in addition to the 
support from the pullover strap. Seven months after treat- 
ment was started, the strength of the abdominal muscles 
had improved, with the right external oblique showing 
an increase from a poor minus to a good grade. 

In treating patients with polio, it became obvious in 
many instances that weakness caused by stretching had 
been superimposed on the initial weakness caused by the 
disease. As in the case illustrated here, the muscles were 
not reinnervated by relieving stretch and strain on them, 
innervation existed as a latent factor. The stretched mus- 
cles were incapable of response until the stretch and 
strain were relieved by adequate support, and until the 
weak muscles were stimulated by proper exercises. 
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Instead of abandoning the use of exercises in the treat- 
ment of scoliosis, attention should be focused on a more 
scientific approach toward the evaluation and selection 
of appropriate exercises. Musculoskeletal evaluation 
should include alignment and muscle tests. 

Postural alignment tests, both plumb line and seg- 
mental, in back, side, and front views should be included 
(see pp. 64-77). 

Muscle length tests should include, but not be lim- 
ited to, hip flexor (see pp. 376-380), hamstring (see pp. 
383-389), forward bending for contour of the back and 
length of the posterior muscles (see pp. 174, 175), ten- 
sor fasciae Iatae and iliotibial band (see pp. 392-397), 
and teres and latissimus dorsi (see p. 309). 

Muscle strength tests should include back extensors 
(see p. 181), upper and lower abdominals (see pp. 202 
and 212), lateral trunk (see p. 185), oblique abdominal 
muscles (see p. 186), hip flexors (see pp. 422, 423), hip 
extensors (see p. 436), hip abductors and Gluteus medius 
(pp. 426, 427), hip adductors (pp. 432, 433), and in the 
upper back, the middle and lower trapezius (see pp. 329 
and 330). 

An essential part of examination is observation of 
the back during movement. 'The examiner stands behind 
the subject, and the subject bends forward and then re- 
turns slowly to the upright position. If there is a struc- 
tural curve, some fullness (prominence) will be noted on 
the side of the convexity of the curve. The fullness will 
be on one side only if there is a single curve, (i.e. C- 
curve). In a double curve, (i.e. S-curve) as in a right tho- 
racic, left lumbar, there will be fullness on the right in 
the upper back and on the left in the low back area. In a 
Junctional curve, however, there may be no evidence of 
rotation in forward bending. This is especially true if the 
functional curve is caused by lateral pelvic tilt that re- 
sults from hip abductor or abdominal muscle imbalance. 





Mild right thoracic curve 


Rotation of the spine or thorax, as seen in scoliosis cases, 
is observed with the patient bending forward. 


POSTURAL EXAMINATION 


For most people, the curves in the spine are "func- 
tional"; they do not become fixed or "structural." When 
curves do become fixed, they also tend to change and 
become "compensatory"—that is, change from a single 
C-curve to an S-curve. Usually, a single curve toward 
the left stays as a left curve in the low back and changes 
to a right curve in the upper back. 

In an ordinary C-curve, the shoulder is low on the 
side of the high hip. /f the shoulder is high on the same 
side as the high hip, there probably is an S-curve. 

In some cases, faulty alignment appears to be limited 
to the spine. The accompanying figure shows a simple 
C-curve in which overall plumb alignment of the body 
is good. SegmentaUy, the right shoulder is low along 
with the C-curve. 








Mild left thoraco-lumbar curve (C-Curve) 


For this patient, a shoe lift is not indicated because the 
pelvis is level. Exercise is indicated for the right inter- 
nal oblique and left external oblique by shifting the 
upper trunk toward the right without any lateral move- 
ment of the pelvis. 
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5 Si А -. Doctor 
Diagnosis... Faulty posture, mild scoliosis. Date of 1st Ex... m7. 
Onset . Date of 2nd Ex 
Occupation... Student Height 7 Weight 
Handedness... Right Age 17 Sex Leg length: Left Right те 
PLUMB ALIGNMENT 
Side view Lt Rt 
Back view Deviated It Deviated rt 
SEGMENTAL ALIGNMENT 
—— : - т у — 
| Hammer toes J | Hallux valgus I | Low ant. arch .— | Ant foot varus 
| Feet | L | Pronated > Supinated | Flat long. arch li Pigeon toes 
— -pS + + +. “3 
| | B | Med rotat. › | Lat rotat | B | Knock-knees slight) | 
[ЛЕ I | Hyperext > 2E | Flexed >в xi —] Bowlegs | | Tibial torsion 
jiu |R | Leg in postural add a | Rotation — _ | Ant. Tilt Ыы Ant. Deviation 
| Low back |) Ж | Lordosis marked | Flat "ii| | Kyphosis | _| Operation 
|| Up. back x! Kyphosis | Flat | В | Scap abducted К>! | Scap elevated 
Thorax } | Depressed chest | Elevated chest | Rotation . —— Post, Deviation slight 
Spine |__| Total curve x [| [iombsr -Thoraciz К T Dorsal ZI RI Cervical -Thoracic 
|| Abdomen] x | Protruding slight Hi 3 Scar — | 2 | 
Shoulder | Low ЕЕ I [High = Th T B T Forward — — Е = | Med rotated 
Head | X | Forward | Torticollis L Bic eee: | oo 
TESTS FOR FLEXIBILITY AND MUSCLE LENGTH ] 
Forward bending... Limited 7” Bk (1). HS N(2) 6551. tight! TREATMENT 
Arm overhead elevation Lt SI. limited Rt Normal length а 
Hip flexors Lt Tight Rt Tight Knees tend to flex slightly, 
Tensor fas lata. Lt .. 9l tightness Rt. ... Normal length left»right (probably due to 
Trunk extension Normal range E 
Trunk lat flex Toi — slightly limited Tort Normal range | hip flexor shortness). 
L MUSCLE STRENGTH TESTS R , i Есма 
e аата | бу PA REEL ЩЕ, 
карк рн ae | Fi Head and sh raising (omit) 
== ше ta ze —T: МЕ Shoulder add. stretch X 
N SARE RINE 2105 Straight leg-raise (omit) 
= GIUSRITLORTRUS* [NENNT CN Hip flex stretch x 
SES 4Hamstrings — | N Sd. Lying Stretch left tensor X 
E 2855 р TIexoIS _ m NIC Sitting Forward bending 
G ТЫ posterior | — N To stretch Jow bk ES 
Weak ios flexors | Weak To stretch h s AE 
Я = m RIETI = = Wall-sitting 
Left = SHOE CORRECTION Right Middle trapezius x 
1/8” | (Wide Нее!) T Lower trapezius x 
* xe rau. Inner wedge Г ar Standing Foot and knee ex x 
яд | {Narrowheel) | — c CSI Wall-standin x 
3/16" | Level heel raise | ii-standing 
Pie co T zz — LEE — ————1 Other Exercises: 
. medium Баг f Metatarsal support | medium bar —— | 
R Longitudinal support | _ — 1) stretch toe extensors 
NOTES. (1) Back flexibility limited slightly in In standing, with pelvis 
IDWer | stabilized, shift upper trunk 
Pe UO area slightly toward the right 
(2) Hamstrings normal in forward bending (using left external oblique 
j j 5 and right internal oblique 
(i.e, angle of sacrum with thigh.) abdominal muscles). 
Hs. appear tight in leg raising due to | Support 
tight hip flexors keeping pelvis in anterior tilt. 
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These photographs show faulty alignment, weakness of the lower abdominal muscles, er- 
ror in testing for hamstring length and normal hamstring length. (See record of examina- 


tion findings on the facing page.) 












FUNCTIONAL SCOLIOSIS 


SCOLIOSIS AND LATERAL 
PELVIC TILT 


If the pelvis tilts laterally, the lumbar spine moves with 
the pelvis into a position of lateral curve, convex toward 
the low side. An actual leg-length difference causes a 
lateral tilt in standing, low on the side of the shorter leg. 
A temporary position of lateral tilt can be demonstrated 
by standing with a lift under one foot. 

An example of a muscle problem that was recog- 
nized as a contributing cause of scoliosis among patients 
with polio is unilateral tightness of the tensor fasciae 
latae and iliotibial band. The effect of such tightness is 
to produce a lateral tilt of the pelvis, low on the side of 
the tightness. The existence of unilateral tightness of 
these structures is not limited to persons with some 
known etiology; it is common among so-called "nor- 
mal" individuals. 


Less understood but equally important is the fact 
that unilateral weakness can result in a lateral pelvic tilt. 
Weakness of the right hip abductors as a group or, more 
specifically, of the right posterior gluteus medius will al- 
low the pelvis to ride upward on the right side, tilting 
downward on the left side. Likewise, weakness of the 
left lateral trunk muscles will allow the left side of the 
pelvis to tilt downward. These weaknesses may be pres- 


ent separately or in combination, but they occur more 
often in combination (see p. 74). 


In the sitting position, lateral pelvic tilt accompa- 
nied by a lateral curve in the spine will result from uni- 


lateral weakness and atrophy of the gluteus maximus 
muscle. 


HANDEDNESS IN RELATION 
TO SCOLIOSIS 


Seen frequently among right-handed individuals who 
also exhibit a functional left curve: pronation of the left 
foot, tightness of the left iliotibial band and weakness of 
the right gluteus medius, left hip adductors, and left lat- 
eral abdominals. Most people do not develop a scoliosis, 
but among those who do, there is a predominance of 
right thoracic, left lumbar curves. There is also a pre- 
dominance of right-handed people in our society, and 
many activities and postural positions predispose these 
people to problems of muscle imbalance that are only 
discovered by precise and adequate manual muscle test- 
ing. Among left-handed individuals, the patterns tend to 
be the opposite. However, they occur with somewhat 
less frequency, probably because these people must con- 
form to so many activities or positions that are designed 
for right-handed use. (Muscle imbalance as related to 
handedness is illustrated on pp. 74 and 76.) 
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FAULTY POSTURAL HABITS 


It is important to be cognizant of the postural habits of 
a child in the various positions of the body in standing, 
sitting and lying. For a right-handed individual seated at 
a desk to write, the position is one in which the body (or 
upper body) is turned slightly counterclockwise, the pa- 
per is turned diagonally on the desk, and the right shoul- 
der is slightly forward. 





Children sometimes assume a side-lying position 
on the floor or bed to do their homework. A 
right-handed person will lie on the left side so 
that the right hand is free to write or turn pages 
in a book. Such a position places the spine in a 
left curve. 


Sitting on one foot, such as 
the left foot, will cause the 
pelvis to tilt downward on 
the left and upward on the 
right because the right but- 
tock is raised by resting on 
the left foot. The spine then 
curves to the left. 





If a back pack is carried by a strap over the left 
shoulder and the child keeps that shoulder raised to keep 
the strap from slipping off, there will be a tendency for 
the spine to curve toward the left. 

Children who engage in repetitive, asymmetrical ac- 
tivities, whether vocational or recreational, are prone to 
develop muscle imbalance problems that can lead to lat- 
eral deviations of the spine. 

When the spine habitually curves toward the same 
side in the various postural positions, it becomes a mat- 
ter of concern with respect to correction or prevention of 
early scoliosis. 

Not to be overlooked are problems associated with 
pronation of one foot with one knee slightly bent, if it is 
always the same knee that is bent. (See p. 448.) Logi- 
cally, the imbalance in hip musculature and faulty fool 
or leg positions, which result in lateral pelvic tilts, are 
more closely related to primary lumbar or thoracolum- 
bar curves than to primary thoracic curves. 


EXERCISES AND SUPPORTS 





EXERCISES 


Exercises should be carefully selected on the basis of ex- 
amination findings. There must be adequate instruction 
to ensure that the exercises will be performed with pre- 
cision. If possible, a parent or other individual in the 
home should monitor performance until the child be- 
comes capable of doing the exercise without supervi- 
sion. The object is to use asymmetrical exercises to bring 
about optimal symmetry. 

In the subject below, it has been determined that the 
right iliopsoas is weak. The subject is a dancer. One of 
the stretching exercises she performs is a split in which 
one leg is forward and the other is back. Routinely, the 
left leg has been forward and the right leg back. There 
is a left lateral curve in the lumbar region and a right 
curve in the thoracic area. 

Because the psoas muscle attaches to the lumbar ver- 
tebrae, transverse processes and the intervertebral disks, 
this muscle can pull directly on the spine. If the spine is 
flexible, it can be influenced by exercises, carefully per- 
formed, that help to correct the lateral deviation. The ex- 
ercise is done sitting at the side of a table with the knees 
bent and the legs hanging down. (/t is not done in a supine 
position.) A strong effort is made as if to lift the right 
thigh in flexion, but enough resistance is applied (by an 
assistant or the subject) to prevent movement of the thigh. 
By so doing, the force is not dissipated by movement of 





A 


Figure A: Ina sitting position, a right thoracic and slight 
left lumbar curve. 

Figure B: The adverse effects of exercising the left 
iliopsoas. 

Figure C: The correction that takes place with exercise 
of the right iliopsoas. 

Figure D: The overall correction when the appropriate 
Exercise to correct the thoracic curve is added. 


the thigh but is exerted on the spine, pulling it toward the 
right. (See Figure C below.) 

The person who monitors this exercise should stand 
behind the subject while the exercise is being performed 
to ensure that both curves are being corrected simulta- 
neously. Because curves vary greatly, close monitoring 
is necessary to avoid emphasis on the correction of one 
curve at the expense of the other. 

In a right thoracic, left lumbar scoliosis, there is 
often weakness of the posterolateral part of the right ex- 
ternal oblique muscle and shortness of the upper ante- 
rior part of the left external oblique. In the supine posi- 
tion, the subject places the right hand on the right lateral 
chest wall and the left hand on the left side of the pelvis. 
Keeping the hands in position, the object of the exercise 
is to bring the two hands closer by contracting the ab- 
dominal muscles, but without flexing the trunk. It is as 
if the upper part of the body shifts toward the left and 
the pelvis shifts toward the right. By not allowing trunk 
flexion and by contracting the posterolateral fibers of the 
external oblique, there will be a tendency toward some 
counterclockwise rotation of the thorax in the direction 
of correcting the thoracic rotation that accompanies a 
right thoracic curve. 

It is of particular importance that girls between the 
ages of 10 and 14 years have periodic examination of the 
spine. More spinal curvatures occur in girls than in boys, 
and it usually appears between these ages. 





Regarding the thoracic curve correction: Sitting tail with 
the spine in as good an anteroposterior alignment as pos- 
sible, the subject reaches in a diagonally upward direc- 
tion, slightly forward from the coronal plane. The aim is 
to practice holding the corrected position to develop a 
new kinesthetic sense of what is straight. The faulty po- 
sition has become so habitual that the straight position 
feels abnormal. 


EXERCISES AND SUPPORTS 


All too often, early cases of lateral curvature are "treated" 
merely by observation, with radiographs obtained at 
specified intervals. Early tendencies toward a lateral cur- 
vature are potentially more serious than the anteroposte- 
rior deviations seen in the usual faulty postures. Instruc- 
tion in good body mechanics and appropriate postural 
exercises, plus the necessary shoe alteration to mechan- 
ically assist in the correction of alignment, constitutes 
more rational treatment than mere observation. 

Correction of lateral pelvic tilt associated with a lat- 
eral curvature can be helped by proper heel lifts. The co- 
operation by the subject is of utmost importance. The lifts 
need to be used in all shoes and bedroom slippers. No 
amount of lift can help if the subject continues to stand 
with the weight predominantly on the leg with the higher 
hip and with the knee flexed on the side of the lift. 

For use of a lift in connection with a tight tensor 
fasciae latae and iliotibial band, see page 450. For use 
of a lift in the heel of the opposite shoe to relieve strain 
on a weak gluteus medius, see page 439. 

Along with the use of appropriate exercises, it is im- 
portant to avoid those exercises that would have an ad- 
verse effect. Increasing the overall flexibility of the spine 
carries an inherent danger. Gains in flexibility in the di- 
rection of correcting the curves are indicated, provided 
that strength is also increased to maintain the correc- 
tions. If the subject has the potential for gaining strength 
and is dedicated to a strict program of strengthening ex- 
ercises and wearing a support, exercises that increase 
flexibility can have a desirable end result. 

A subject who is developing a kyphoscoliosis along 
with a lordosis should not do back extension exercises 
from a prone position because in an effort to obtain bet- 
ter extension in the upper back, the low back problem 
increases. Extension of the upper back may be done 
while sitting on a stool with the back against a wall, but 
the low back must not arch in an effort to make it ap- 
pear that the upper back is straight. In this same in- 
stance, "upper" abdominal exercises by trunk curls or 
sit-ups should be avoided even if the upper abdominals 
are weak. The exercise would be counterproductive, be- 
cause curling the trunk is rounding the upper back. If 
there is a developing kyphoscoliosis, such an exercise 
would increase the kyphotic curve. Exercise ofthe lower 
abdominals in the form of pelvic tilt or of pelvic tilt and 
leg sliding, emphasizing the action by the external oblique, 
however, would be strongly indicated. (See p. 215.) 





The significance of muscle imbalance and overall 
faulty posture as etiological factors in idiopathic scolio- 
sis should not be overlooked. Scoliosis is a complex pos- 
tural problem. As such, it calls for thorough evaluation 
procedures to determine any weakness or tightness of 
muscles that results in distortion of alignment. Verifica- 
tion can come only from repeated testing, but the testing 
must be done with precision. There must be adherence 
to the principles on which manual muscle testing is 
founded. (See p. 14.) Using a long lever whenever ap- 
propriate is vitally important to distinguish differences 
in strength of some of the large muscles (e.g., hip ab- 
ductors) when comparing one side with the other. 


SUPPORTS 


In addition to exercise and proper shoe corrections, many 
patients with early scoliosis need some support. It may 
be that only a corset type of support is needed or. as in 
more advanced cases, a more rigid support. The Kendalls 
made many of these rigid supports. 

In the illustration opposite, the subject is shown 
wearing a removable cellulose jacket of the type often 
used for scoliosis cases. The procedure for making this 
jacket follows. 

The subject was placed in a standing position with 
head traction from a Say re head sling. A heel raise was 
used to level the pelvis, and straps of adhesive tape or 
moleskin were placed diagonally from the rib cage to 
the opposite iliac crest to obtain the best possible cor- 
rection of the trunk position before the original plaster 
case was made. For girls, a brassiere with small extra 
padding was put on under the stockinet to allow room 
for development of the breasts. 

After the positive plaster mold was poured and dry. 
further adjustments were made by shaving down slightly 
on the side of convexity and adding an equal amount of 
plaster at places of concavity at the same level to main- 
tain the necessary circumference measurements. The 
jacket was then made over the plaster mold. 

Today, newer materials provide greater versatility 
and ease of handling, but the basic principles for use of 
supports have changed little: Obtain the best possible 
alignment, allow for expansion in the area of concavity, 
and apply pressure in the area of convexity to the extent 
tolerated without adverse effects or discomfort. 
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EARLY INTERVENTION 


IMPORTANCE OF EARLY 
INTERVENTION 


Instead of waiting to see if a curve gets worse before 
deciding to do something about it, why not treat the 
problem to help prevent the curve from getting worse? 

Doing something in the very early stages of a lat- 
eral curve does not mean getting involved in a vigorous, 
active program of exercises. Rather, it means prescribing 
a few carefully selected exercises that help establish a 
kinesthetic sense of good alignment. It means providing 
good instruction to the patient and the parents in how to 
avoid habitual positions or activities that clearly are con- 
ducive to increasing the curvature. 

It may mean taking a picture of the child's back in 
the usual sitting or standing position, and then another 
in a corrected position, so that the child can see the ef- 
fect of the exercise on posture. It also means providing 
incentives to help keep the person interested and coop- 
erative, because achieving correction is an ongoing 
project. 

For those in whom the curve has become more ad- 
vanced, in many instances it is necessary and advisable 
to provide some kind of a support to help maintain the 
improvement in alignment that has been gained through 
an exercise program. 





CLASSIC KENDALL 


Henry O. Kendall was the first physical therapist at the C 


inning work there in June 1920. The followin 





written notes made by him in the early 1930s re 





en's Hospital in Balti- 


a quote from some hand- 








ling scoliosis 





Symmetrical exercises should not be attempted. A careful muscle examination should be 


made and muscles graded according to their strength. If one group or one muscle is too strong | 


for its antagonist, that muscle or group should be stretched and the weaker antagonist built 


up to sufficient strength to compete with it 


In examination of more than one hundred cases of lateral curvature, I have yet to find a 


case with we: 








The muscle weakness was almost al 


erector spinae muscles, each and every case was able to hyperextend the 





ravity and in most cases against resistance as well 





found in the lateral abdominals, anterior ab- 


dominals, pelvic, hip and leg muscles. This weakness caused the body to deviate from either 


the lateral median plane or the anterior-[ 


'sterior median plane, causing the patient to com- 





ntain equilibrium. In 









pensate for the deviation by substituting other muscles in order to ma 
doing the substituting, the patient invariably develops muscles which cause lateral rotatory 
movements and it is easy to see why we have lateral curvature with rotation 

By correcting muscle imbalance we get at the primary cause of many cases of lateral 


curvature 


CORRECTIVE EXERCISES: POSTURE 





The exercises below are designed to help correct some common postural faults. Addi- 
tional corrective exercises are located at the end of chapters that follow. Specific exer- 
cises are done to improve muscle balance and restore good posture.To be effective they 
should be done every day for a period of weeks, plus daily practice in assuming and 
maintaining good posture until it 

becomes a habit. 


While working to correct muscle imbalance, it is usually advisable to AVOID the fol- 
lowing exercises: Lying on the back and raising both legs at the same time; lying on the 
back and coming up to a sitting position with the feet held firmly down; lying on the 
back with most of the weight resting on the upper back and doing "bicycling" exercise; 
standing or sitting with knees straight, reaching forward to touch toes; and (for those 


who have an increased forward curve in the low back) the exercise of raising the trunk 
to arch the back from a face-lying position. 





Posterior Neck Stretch or : 
In back-lying position, bend knees and place feet мен ШП ee 
flat on floor. With elbows bent and hands up be- against wall. Place hands up 
side head, tilt pelvis to flatten low back. Press head 


5 И beside head. Straighten upper 
back, with chin down and in, trying to flatten neck. back, press head back with 


chin down and in, and pull 
elbows back against wall. 
Flatten low back against wall 
by pulling up and in with 
lower abdominal muscles. 
Keep arms in contact with 
wall and slowly move arms to UT 
Shoulder Adductor Stretching eg ane шешер: 
With knees bent and feet flat on floor, tilt pelvis to 

flatten low back. Hold the back flat, place both 
arms overhead, and try to reach arms to the table 
with elbows straight. Bring upper arms as close 
to sides of head as possible. (Do NOT allow the 4 
back to arch.) 

















| \ 
| 


A | | 
gu mim 


f eg С I 

















Wall-Standing Postural Exercise 

Stand with back against a wall, heels 
about 3 inches from wall. Place hands 
up beside head with elbows touching 
wall. If needed, correct feet and knees 
as in above exercise below, then tilt to 
flatten low back against wall by 


me 7 
и p u 


Correction of Pronation, Hyperextension and 

Internal Rotation 

| Stand with feet about 4 inches apart and toeing-out 
slightly. Relax knees into an "easy" position, i.e., nei- 

pulling, up. and. in. -with the.. lower -ab- ther stiff nor bent Tighten buttock muscles to rotate 

dominal muscles. Keep arms in con- | legs slightly outward (until kneecaps face directly for- 

tact with wall and move arms slowly . ward). Tighten muscles that lift the arches of the feet, 


to a diagonally overhead position. D rolling the weight slightly toward outer borders of feet. 





O 2005 Florence P. Kendall and Patricia G. Provance. Authors grant permission to reproduce for personal use but not for sale, 
adic: rt Mea Nadi ги 
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INTRODUCTION 


The illustration on the following page portrays a sagittal 
section of the skull at approximately the center of the 
left orbit, except that the complete eyeball is shown. The 
muscles illustrated are the deep facial and head mus- 
cles, mainly those of the tongue, the pharyngeal area, 
and the eyeball. 

The left hemisphere of the brain has been reflected 
upward to show its inferior surface and the cranial nerve 
roots. Lines, numbered according to the respective cra- 
nial nerves, connect the nerve roots to the corresponding 
nerve trunks in the lower part of the drawing. Nerve 
roots I, II and VIII are sensory and shown in white. The 
motor and mixed nerves are shown in yellow with one 
exception: Because the motor part of cranial nerve V is 
such a tiny branch, it is shown in yellow; the rest of cra- 
nial nerve V is shown in white. 

A side view of the superficial muscles of the 
head and neck is illustrated on page 123. Cranial 
nerves and the muscles they innervate are listed on 
pages 122 and 123. 

Facial muscles are called the muscles of expression. 
The facial nerve, through its many branches, innervates 
most of the facial muscles. Numerous muscles may act 
together to create movement (e.g., as in a grimace), or 
movement may occur in a single area (e.g., as in raising 
an eyebrow). Loss of function of the facial muscles inter- 
feres with the ability to communicate feelings through 
facial expressions and with the ability to speak clearly. 

A smile, a frown, a look of surprise—expressions 
such as these are created by the actions of muscles that 
insert directly into the skin. Because of the unique in- 
sertions of facial muscles, tests of these muscles differ 
from other manual muscle tests that require test position 
and fixation for the subject and pressure or resistance by 
the examiner. Instead, the subject is asked to imitate fa- 
cial expressions while looking at photographs of a per- 
son performing the test movements or while watching 
the examiner perform them. Grading the strength of 
muscles is essentially a subjective estimate by the ex- 
aminer of how well the muscle functions on a scale of 
Zero, trace, poor, fair, good and normal. (Facial and eye 
muscle tests are illustrated on pp. 128-133, and test re- 
sults for two cases appear on pp. 134-137.) 
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SECTION I: INNERVATION 


CRANIAL NERVES AND DEEP FACIAL MUSCLES 





- 


Olfactory nerve (sensory) УП Facial nerve 
II Optic nerve (sensory) 


Occipitalis 
Ш Oculomotor nerve 


Auricularis posterior 


Levator palpebrae superioris (1) Posterior digastric 
Rectus superior (2) Stylohyoid 
Rectus medialis 6) Auricularis superior 
Rectusanferior a Auricularis anterior 
Obliquus inferior (5) Frontalis 

IV Trochlear nerve ee 
Obliquus superior (6) ced : 

V Trigeminal nerve, mandibular branch k aT. 
Mace ish (17) Levator labii superioris 
Temporalis (18) Zygomaticus major and minor 
Anterior digastric (19) Buccinator 

VI Abducens nerve Risorius 
Rectus lateralis (7) 


Orbicularis oris 
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Q0) 
Q1) 
Q2) 
Q3) 
Q4) 
Q3) 
Q6) 
Q7) 
Q8) 
09) 
G0) 
GB) 
G2) 
G3) 








INNERVATION 





CERVICAL NERVES AND SUPERFICIAL FACIAL AND NECK MUSCUES 





Levator anguli oris (34) IX, X, and XI Pharyngeal plexus 
Procerus (35) Palatoglossus (9) 
Nasalis (36) Constrictor pharyngis superior a0) 
Depressor septi nasi (37) Constrictor pharyngis medius (a1) 
Mentalis (38) Constrictor pharyngis inferior (12) 
Depressor labii inferioris (39) XII ee nerve 
Depressor anguli oris (40) коне аз) 
Piatysma (41) Hyoglossus (14) 
УШ Vestibulocochlearis nerve (sensory) AUNT E 
ongue intrinsics 
IX Gl h; 1 
s ed e nente Miscellaneous from cervical nerves 
s x RE DECUS mx (8) Sternohyoid (42) 
‘agus nerve (see p. : ) ; Omohyoid (43) 
XI EDT nerve (spinal portion) Scalenus medius (45) 
Sas ed (44) Levator scapulae (46) 
Trapezius (48) Splenius capitis (47) 
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TEMPOROMANDIBULAR JOINT 
MOVEMENTS 


Movements of the temporomandibular joint (TMJ) in- 
clude depression of the mandible (i.e., opening the 
mouth), protrusion of the mandible (i.e., movement in 
a forward direction) retrusion of the mandible (i.e., 
movement in a posterior direction) and lateral motion of 
the mandible (i.e., side-to-side movements). Retrusion is 
very limited compared to protrusion. 

According to Bourban. two primary movements of 
the TMJ are rotation about a mediolateral axis and trans- 
lation along the anteroposterior and superoinferior axes 
(1). Rotation occurs first, and then translation, as the 
mandibular condyle moves anteriorly and inferiorly on 
the temporal bone. Closing of the mouth is initiated with 
posterior translation of the mandible to approximately № 






CRANIAL NERVE AND MUSCLE CHART 


The cranial nerve and muscle chart (see facing page) 
lists all the cranial nerves and the specific muscles they 
innervate. A column is provided in which to record the 
strength of the muscles that can be tested. On the right 
side of the page are drawings of the head that show the 
areas of distribution for the cutaneous nerves. 


This chart is designed primarily as a reference sheet 
and secondarily as a form on which to record the results 






of the maximal opening. The combined translatory and 
rotatory movements that occur during opening of the 
mouth are reversed for closing to the resting position (2). 

In normal jaw opening and closing, the movements 
of each TMJ are synchronous so that the jaw does not 
deviate toward either side. Asymmetrical lateral shift in- 
volves sliding the mandible to one side (3). 

Disorders of the TMJ can lead to headache, facial 
pain and limitations of jaw opening. The muscles usu- 
ally involved in such disorders are the pterygoids, mas - 
seters and temporalis (4). Conservative physical therapy 
treatment may be sufficient to relieve pain. Various den - 
tal devices may be used to help realign or exercise these 
muscles (S). 


of tests involving the facial muscles. Because of this 
dual purpose, the chart contains some material that would 
not be included on a form solely intended for recording 
test results. All the cranial nerves (sensory, motor, or 
mixed) are listed, and some muscles are included that 
cannot be tested (individually or in groups) by voluntary 
movements. 
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CRANIAL NERVE AND MUSCLE CHART р* 





CRANIAL NERVE AND MUSCLE CHART 


Name 
uen Dale 


SENSORY 


S&M 
S& 






SENSORY OR MOTOR TO 


1X Glossopharyngeal 


VI Abducens 


1 Olfactory 
VIII Vestibulocochlear S 


XI Accessory 
XII Hypoglossal 









X Vagus 


|SENSORY—SMELL. 
SENSORY—SIGHT 
LEVATOR PALPEBRAE SUPERIORIS 
"RECTUS SUPERIOR 
1 | EYE | |OBLIQUUS INFERIOR 
|. RECTUS MEDIAUS 
RECTUS INFERIOR 
OBUQUUS SUPERIOR 
$ [SENSORY-FACE & INT. STRUCTURES OF HEAD 
EAR (TENSOR TYMPANI 
PALATE | (TENSOR VEU PALATINI 
|... |VASSETER 
MAST [TEMPORALIS 
V | CATION PTERYGOIDEUS MEDIAUS 
|. |PTERVGODEUS LATERALIS 
сорттор 
ANTERIOR DIGASTRIC 
RECTUS LATERALIS 
[TONGUE | 5 |SENSORY-—TASTE. ANTERIOR VE TONGUE 
1—9 | S |SENSORY- EXTERNAL EAR 
ЕАН | [STAPEDIUS 
POSTERIOR DIGASTRIC 
|STYLOHYOI DEUS 
SCALP [OCCIPITALIS 
[ | INTRINSIC EAR MUSCLES 1 
AURICULARIS POSTERIOR | 
EAR TAURICULARIS ANTERIOR | 
AURICULARIS SUPERIOR ў TEMPORAL BRANCH 
1 
1 


1 
in |in MUSCLE STRENGTH GRADE 


* ооо е 
















e \ 








ў 


‘POST AURICULAR BRANCH 


(SCALP |  |FRONTAUS 
EYEBR |  |CORRUGATOR SUPERCILI 
EYEUD ORBICULARIS OCULI 


vil | PROCERUS | 


“TEMP. & ZYGO BRANCH 


DERMATOMES 


NOSE | DEPRESSOR SEPTI 
[NASALIS TRANSVERSE & ALAR 
ZYGOMATICUS MAJOR & MINOR 
‘LEVATOR LABII SUPERIORIS _)< BUCCAL BRANCH 
Т BUCCINATOR LI 
MOUTH [ORBICULARIS ORIS | 
LEVATOR ANGULI ORIS ] 
~/RISORIUS 
T DEPRESSOR ANGULI ORIS l | | 
"DEPRESSOR LABII INFERIORIS MADI BULAR BRANCH | | 
CHIN С [MENTALIS 4 
NECK — | PLATYSMA CERVICAL BRANCH 
VII [EAR S [SENSORY-HEARING & EQUILIBRIUM 
TONGUE | S [SENSORY—POSTERIOR V, TONGUE 
x 5 |SENSORY—PHARYNX FAUCES. SOFT PALATE 
| STYLOPHARYNGEUS 
- — |STRIATED MUSCLES - PHARNYX 
‘STRIATED MUSCLES—SOFT PALATE. PHARYNX & LARYNX 
“INVOLUNTARY MUSCLES—ALIMENTARY TRACT 
“INVOLUNTARY MUSCLES—AIR PASSAGES 
TINVOLUNTARY CARDIAC MUSCLE 
SENSORY—AURICULAR 
S | SENSORY—ALIMENTARY TRACT 
5 |SENSORY—AIR PASSAGES 
S |SENSORY—ABDOMINAL VISCERA & HEART 
TTRAPEZIUS & STERNOCLEIDOVASTOID 


E | (LEVATOR VEU PALATINI 
STRIATFD MUSCLES—SO "LATE. puarvmy «, i агуту T Ї . Minili hiilu PPRVIRAL MORWC 
STYLOGLOSSUS oan N m (Greater Occipital №. 

Bui lesser Occipital N. 

хи [TONGUE | p П. Маш. 14 Get Auri N 

| | + He TL1MI FROM Gray” Anatomy of the 

TONGUE INTRINSICS Human Body. 28TH 0D. 





{| CUTANEOUS DISTRIBUTION 
OF CRANIAL NERVES 





AL LILI II 





Xi [PALA 


| 

















© 1993 Florence Р. Kendall. Author grants permission to reproduce for personal use but not for sale. 
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SECTION П: FACIAL AND EYE MUSCLES 









a an 


| | 
| " er 
| Muscles/Nerves | Origin 


[ 
— 


| 
Insertion 


Action and 
Page Reference 





Buccinator/Fac/a/ | Alveolar processes of the 
maxilla, buccinator ridge of 
the mandible, and pterygo- 


| 
| mandibular ligament 
i 


| Orbicularis oris at angle of the 
mouth 


Compresses the cheeks 
(see p. 130) 





— = 


Deep surface of skin above 
middle of the orbital arch 


Draws the eyebrow down- 
ward and inward, with 
vertical wrinkles in fore- 
head; "frowning muscle" 
(see p. 128) 








|Corrugator supercilii | Medial end of the super- 
Facial ciliary arch 

I: + = 

Depressor anguli Oblique line of the mandible 
oris/Facial 


— i: 


+ 


Angle of the mouth, blending 
with adjacent muscle 


Depresses angle of the 
mouth (see p. 131) 





f 
Depressor labii 
inferioris/Fac/a/ 


Oblique line of the mandible 


| 


— | 


Integument of the lower lip, 
blending with the orbicularis oris 


Draws the lower lip down- 
ward and slightly side- 
ways, as in expressions 
of irony (see p. 130) 





Depressor septi 
nasi/Fac/a/ 


Incisive fossa of the maxilla 


+ E 


Ala and septum of the nose 





Frontalis/Fac/'a/ Galea aponeurotica 


— —— 


Muscles and skin of the eyebrow 
and root of the nose 


Draws aJa of the nose 
downward to close the 
nose (see p. 128) 


Raises the eyebrows and 
wrinkles the forehead, as in 
expressions of surprise or 
fright (see p. 128) 





—+— E 


Angle of the mouth, blending 
with the orbicularis oris 


Depresses the nasolabial 
furrow, as in expressions 
of contempt or disdain 
(see p. 129) 





Levator anguli Canine fossa ofthe maxilla 
oris/Facial 
Levator labii Lower margin of orbit 


superioris/Fac/'a/ 


Orbicularis of the upper lip 





Levator labii 
superioris alaeque 
nasil Oculomotor 


Root of nasal process of the 
maxilla 


Greater alar cartilage, skin of 
the nose, and lateral part of the 
upper lip 





g т к= 


Moves the upper lip up- 
ward and forward (see 
p. 130) 


Raises and protrudes the 
upper lip (see p. 130) 





Levator palpebrae 
superioris/ 
Oculomotor 


Inferior surface of lesser wing 
of the sphenoid 


Skin of the eyelid, tarsal plate of 
the upper eyelid, orbital wall, and 
medial and lateral expansion of 
aponeurosis of the insertion 





Superficial portion: Zygomatic 
process of the maxilla and 
lower border of the zygomatic 
arch 


Masseter/ Trigeminal 


Profundus portion: Posterior V» 
of inferior border and medial 
surface of the zygomatic arch 


Angle and ramus of the mandible 


Superior Vz of ramus and lateral 
surface of coronoid process of 
mandible 


4 


Raises the upper eyelids 
(see p. 133) 


Closes the jaw (see p. 131) 


Closes the jaw (see p. 131) 





Mentatis/Facial Incisive fossa of the mandible 


Nasalis, alar 
portion/Facial 


Nasalis, transverse 
portion/Fac/a/ 


Maxilla 


Above and lateral to incisive 
fossa of the maxilla 


Skin of the chin 


Raises and protrudes the 

lower lip and wrinkles skin 
on the chin, as in pouting 

(see p. 131) 





Ala of the nose 





By aponeurosis with nasalis on 
the opposite side 


Enlarges the nostrils 
(see p. 128) 


Depresses cartilaginous 
part of the nose (see 

















FACIAL AND EYE MUSCLES 


Action and 


| Muscles/Nerves 
l3 


Obliquus inferior 
| ocu 1 l/Oculomotor 


| _ — —— 
Obliquus superior 
ocuWI Trochlear 


Orbicularis oculi/ 
Facial 


Orbicularis oris/Facial 





Platysma/Fac/a/ 


Procerus/Facial 


Pterygoideus 
lateralis/7Wgern/na/ 


Pterygoideus 
medialis/Tr/gem/na/ 


Recti superior. 
Inferior, and 
medialis/Ocu/omofor 
Rectus lateralis/ 
Abducent 


Bisorius/Facial 


| a 
Temporalis/ 
Trigeminal 


Zygomaticus major/ 
Facial 


Zygomaticus minor/ 
Facial 


п ee 


Orbital plate of the maxilla 





Above medial margin of the 
optic foramen 


ee Н 


eyeball 


Insertion 


Page Reference 





External part of the sclera, 
between the rectus superior and 
rectus lateralis and posterior to 
equator of the eyeball 


Into sclera between the rectus 
superior and rectus lateralis 
and posterior to equator of the 


Directs the cornea upward 
and outward (see p. 133) | 





L 





Directs the cornea down- 
ward and outward (see 
p. 133) 








JL — = 

| Nasal part of the frontal bone, 
frontal process of the maxilla, 
and anterior surface of the 
medial palpebral ligament 


+ х5 
Numerous strata of muscular 
fibers surrounding the mouth; 
derived in part from other 
facial muscles 


Fascia covering superior 
portion of the pectoralis major 
and deltoid 


Fascia covering lower part of 
the nasal bone and upper part 
of the lateral nasal cartilage 


Superior head: Lateral surface 
of the great wing of the 
sphenoid and the infratemporal 
crest 


Inferior head: Lateral surface 
of the lateral pterygoid 


Media/ surface of the lateral’ 
pterygoid plate, pyramidal 
process of the palatine 
bone, and tuberosity of the 
maxilla 

dic 
Fibrous ring that surrounds 
superior, medial, and inferior 
margins of the optic foramen 


кок. 


Fascia over the masseter 





Temporal fossa and fascia 


| Zygomatic bone in front of 
| the temporal process 


Zygomatic bone, malar surface 


Muscle fibers surround the 
circumference of the orbit, 
spread downward on the 
cheek, and blend with adjacent 
muscular or ligamentous 
structures 


Palpebral part: Closes 
eyes gently 

Orbital part: Stronger 
closing (see p. 132) | 


Into skin and mucous membrane Closes lips and protrudes 


of the tips, blending with other 
muscles 


Lower border of the mandible, 
the posterior fibers blending 
with muscles about angle and 
lower part of the mouth 


Into skin over lower part of the 


forehead between eyebrows 


Depression, anterior part of 


condyle of the mandible, and 
anterior margin of articular disk 


of temporomandibular articulation 


Interior and posterior part of 
medial surface of the ramus 
and angle of the mandibular 
foramen 


Into sclera, anterior to equator of 


the eyeball at the site implied by 
each name 


Into skin at angle of the mouth 


Coronoid process and anterior 
border of ramus of the mandible 


Angle of the mouth, blending 
with the adjacent muscles 


‘Drbicularis oris of the upper lip 


them forward (see p. 130) 


Retracts and depresses 
angle ofthe mouth (see 
p. 130) 


Pulls inner angle of the 
eyebrows downward and 
produces transverse 
wrinkles over bridge of 
the nose (see p. 129) 


Opens the jaws, protrudes 
the mandible, and moves 
the mandible from side to 
side (see p. 131) 


Closes the jaw (see p. 131) 


Movement of the eye in 
the direction indicated by 
the name of the muscle 
(see p. 133) 


Retracts the angle of the 
mouth (see p. 129) 


Closes the jaws (see 
p. 131) 


——— — 
Draws angle of the mouth 
up and out, as in a smile 
(see p. 129) 


Deepens the nasolabial 
furrow, as in expressions 





FACIAL AND EYE MUSCLE 








FRONTALIS CORRUGATOR SUPERCILII 





Test: Raise the eyebrows, wrinkling the forehead, as in 


Test: Draw the eyebrows together, as in frowning. 
an expression of surprise or fright. 


DEPRESSOR SEPTI AND 
NASALIS, ALAR PORTION TRANSVERSE PORTION NASALIS 





Test: Widen the apertures of the nostrils, as in forced or 


Test: Draw the point of the nose downward, narrowing 
difficult breathing. 


the nostrils. 
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FACIAL AND EYE MUSCLE TESTS 





PROCERUS LEVATOR ANGULI ORIS 





Test: Pull the skin of the nose upward, forming trans- Test: Draw the angle of the mouth straight upward, deep- 

verse wrinkles over the bridge of the nose. ening the furrow from the side of the nose to the side of 
the mouth, as in sneering. Suggest that the patient try to 
show the "eye" (canine) tooth, first on one side and then 
on the other. 


RISORIUS ZYGOMATICUS MAJOR 





Test: Draw the angle of the mouth backward. Test: Draw the angle of the mouth upward and outward, 
as in smiling. 
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FACIAL AND EYE MUSCLE TESTS 





LEVATOR LABII SUPERIORIS 





Test: Raise and protrude the upper lip, as if to show the 
upper gums. 


ORBICULARIS ORIS 





Test: Close and protrude the lips, as in whistling. 
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DEPRESSOR LABII INFERIORIS 
AND PLATYSMA 





Test: Draw the lower lip and angle of the mouth down- 
ward and outward, tensing the skin over the neck. 


BUCCINATOR 








\ 


Test: Press the cheeks firmly against the side teeth and 
pull back the angle of the mouth, as in blowing a tum- 
pet. (Drawing the chin backward, as seen in this illustra- 
Was snot part of the action of the buccinator muscle.) 


AND EYE MUSCLE TESTS 





MENTALIS DEPRESSOR ANGULI ORIS 





Test: Raise the skin of the chin. As a result, the lower Test: Draw down the angles of the mouth, 
lip will protrude somewhat, as in pouting. 


TEMPORALIS, MASSETER, AND 
PTERYGOIDEUS LATERALIS PTERYGOIDEUS MEDIALIS 





Test: Open the mouth slightly. Protrude the lower jaw, Test: Close the jaws, and bite firmly with the mouth 
and then move the lower jaw sideways, first toward the slightly open to show that the teeth are being clenched, 
right and then toward the left. 
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FACIAL AND EYE MUSCLE TESIS 


SUPRAHYOID MUSCLES ORBICULARIS OCULI 





Test: Depress the lower jaw against resistance provided by Test, Orbital Part: Close the eyelid firmly 

the examiner. During action of the suprahyoid muscles wrinkles that radiate from the outer angle 

the infrahyoid muscles furnish fixation of the hyoid bone 

(For origins, insertions, actions and innervations, see Test, Palpebral Part: Close the eyelid gently (not illus- 
p. 138. For an illustration, see Chapter 4, p. 151.) trated). 


INFRAHYOID MUSCLES 





Test: Begin with a relaxed starting position, as shown in tions of infrahyoid muscles, see pp. 138-139. For an il- 
Figure A. Then, depress the hyoid bone, as illustrated in lustration, see Chapter 4, p. 151.) 
Figure B. (For origins, insertions, actions and innerva- 
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FACIAL AND EYE MUSCLE TESTS 





RECTUS MEDIALIS OCUU AND LEVATOR PALPEBRAE 
RECTUS LATERALIS OCULI SUPERIORIS ET AL 








Test, Right Rectus Medialis and Left Rectus Later- Test, Levator Palpebrae Superioris: Raise the upper 
alis: Look horizontally toward the left (as illustrated). eyelid. 

Test, Left Rectus Medialis and Right Rectus Later- Test, Rectus Superior and Obliquus Inferior: Look 
alis: Look horizontally toward the right (not illustrated). straight upward toward the brow. 


Test, Rectus Inferior and Obliquus Superior: Look 
straight downward toward the mouth (not illustrated). 
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SECTION 111: FACIAL PARALYSIS: 
CASE «1 


The following pages contain two charts with recordings 
of muscle test findings in two cases of Bell's palsy (i.e., 
facial paralysis). 


CASE 1 


In this case, the onset of paralysis occurred 1 week be- 
fore the first examination. As noted in the chart shown 
on the facing page, 3 muscles graded zero, 10 muscles 
graded trace and 2 muscles graded poor. At a second ex- 
amination 3 weeks later, all the muscles graded good. 
Approximately 3 weeks after that second examination, 
all the muscles graded normal, except for three that still 
graded good. 

This case is an example of those patients with facial 
paralysis who experience a fairly rapid recovery. Some- 
times recovery occurs within a few days or a week; in 
other cases, such as this one, recovery occurs within a 2- 
month period. 

On first examination, the orbicularis oculi, which 
acts to close the eyelid and squeeze it shut, graded 
poor, and the frontalis, which raises the eyebrow and 
wrinkles the forehead, graded trace. In some cases of 
facial paralysis, however, the orbicularis oculi may be 
slower to respond than the frontalis. In such cases, ex- 
ercising the frontalis is discouraged, because it acts in 
opposition to the orbicularis oculi. The reason for this 
can be illustrated as follows: Raise the eyebrow by 
contracting the frontalis. Then, with the fingertips 
placed either on or just above the eyebrow, keep the 
eyebrow held upward. Now, try to close the eyelid gen- 
tly, and then try to squeeze the eyelid tightly shut. The 
difficulty in doing both (and especially the latter) is 
readily demonstrated. 
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CRANIAL NERVE AND MUSCLE CHART 


CRANIAL NERVE AND MUSCLE CHART: 
CASE #1 






Date — 1 week after onset 
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FACIAL PARALYSIS: CASE #2 


CASE 2 


In this case of facial paralysis, which was first seen for 
examination 3 weeks after onset, no evidence of any 
muscle function was observed except for a slight action 
in the corrugator. This case showed very little change 
during the first 3/2 months. By the end of 6 months, 
however, most of the muscles graded either fair or bet- 
ter. By the end of 8 months, further improvement was 
noted. By the end of 9/2 months, approximately V3 of 
the muscles graded fair, and all others graded either 
good or normal. This case shows the slow but gradual 
improvement that occurs in some instances. 


This patient was fitted with a very small, plastic 
hook that was contoured to fit in the corner of the 
mouth and was attached by a rubber band to the side- 
piece of her glasses.* She was instructed in how to 
give herself light massage—upward on the affected 
side and downward and toward the mouth on the un- 
affected side. At times, transparent Scotch tape was 
used to hold up the side of the mouth and cheek. When 
the patient was not using the hook or the tape, she was 
advised to make a habit, when sitting, of resting her 
right elbow on a table or arm of a chair and placing 
her right hand with the palm under her right chin and 
the fingers along her cheek to hold the right side of her 
face upward. Also, when she was speaking, smiling, or 
laughing, she was to use the hand to push the affected 
side toward the right and upward to compensate for 
the weakness as well as to prevent the unaffected side 
from distorting the mouth in that direction. In addi- 
tion, she was taught how to exercise the facial muscles 
by assisting the weak side and restraining the stronger 
side. 


The sidepiece, or temple, is the part of the frame that extends from 
the lens both to and over the ear. 
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CRANIAL NERVE AND MUSCLE CHART: 
CASE #2 






Date 3 weeks after onset 
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Muscles of Deglutition 
















Lengthons and narrows 


tongue Hypoglossal xii 





Transverse 







Flattens end broadens 
tongue 


Shortens tongue 
Turns tip of tongue downward 
Tongue and body of hyoid | Depresses tongue; protrudes 
and retracts tongue; 
elevates hyoid 
pale 
postero! 
Aponeurosis of soft palato 










Inf. longitudinal 

















Genioglossus 






Palatoglossus 






SOFT PALATE 


Tonsor veli palatini 




















Petrous portion, temporal 
bone: medial auditory 
tubo 


Trigeminal V 









Elevates and pulls hyoid 
anteriorty 


Inferior border of mandi- Assists in depressing the 
ble near symphysi: mandible 
Mastoid process Elevates and pulls hyoid 
posteriorly 
Mylohyoid tine ot Body of hyoid and median | Elevates hyoid and tongue: Trigeminal V 
mandible raphe depresses mandible 


Elevates hyoid and tongue Ansa cervicalis 










Mylohyoid 





























Geniohyoid Median ridge of 
mandibie depresses Mandible с.2 
Stvtohyots Stvloid process of Body of hyoid Elevatos and pulls hyoid facla VE 
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Role in Deglutition 


Bolus Preparation 
During this phase the tongue and buccinator muscles keep the 
food boiwoon tho molar teeth where it is crushed and ground 
by the action muscles of mastication. Alternate aide to sido 
movements and twitting of the tongue, performed chiefly by 
the intrinsic muscles and by the styloglossi acting unilaterally, 
afd In mixing tho food with aaliva and in sorting larger particles 
from tho sufficiently ground portion which Is ready to bo rolled 
into a bolus and swallowed. 


Voluntary Stage 
The tongue depressor muscles contract and form a groove in 
tho posterior portion of the dorsum of the tongue which cra- 
dles the bolus. A movement initiated by the intrinsic muscles 
raises the anterior portion and then the posterior portion of the 
tongue to the hard palate. This sequential movement dislodges 
the bolus and squeezes it toward the fauces. In turn the base 
of the tongue Is elevated and pulled posteriorly mainly by the 
action of the styloglossi muscles forcing the bolus through the 
fauces into tho pharynx. Occurring simultaneously with this el- 
evation of the base of the tongue is a moderate elevation of the 


hyoid bona and tho larynx. 


Involuntary (Reflex) Stage 
As the bolus passes through the fauces to the pharynx, branches 
of cranial nerves V, IX. and X are stimulated producing impulses 
in the afferent limb of the swallow reflex. Upon reaching the 
brainstem, these Impulses are transmitted across synapses to 
efferent fibers of cranial nerves IX. X and XI completing the re- 
flex arc and effecting the following automatic events. 
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INFRAHYOID 
Thyrohyoid 


Sternohyoid 

Sternothyroid 

Omohyoid- 
Sup. belly 
Inf. belly 


LARYNX 
Aryepiglottic 


Thyroepiglottic 
Thyroarytenoid 
Arytenoid- 


Oblique 
Transverse 


Lat. cricoarytenoid 


Vocalis 
Post, cricoarytenoid 
Cricothyroit}- 


Straight 
Oblique 


PHARYNX 


Salpingopharyngeus 
Palatopharyngeus 
Stylopharyngeus 


Superior constrictor 


Middle constrictor 
Inferior constrictor 


Cricopharyngeus 


Oblique line of thyroid 
. cartilage 
Manubrium stem); 
medial end of clavicle 
Manubrium sterni; costal 
carrifage of 1st rib 
Superior border of scapula 
near scapular notch 


Intermediate tendon by 
fascia to clavicle 





Apex of arytenoid cartilage 


Medial surface of thyroid 
cartilage 

Medial surface of thyroid 
cartilage 

Base of one arytenoid 
cartilage 

Posterior surface and 
lateral border of one 
arytenoid cartilage 


Upper border of arch 
of cricoid cartilage 


Medial surface of thyroid 
cartilage 

Posterior surface of 
lamina of cricoid 
cartilage 


Anterior and lateral part 
of arch of cricoid 
cartilage 


, Auditory tube 


Greater horn of hyold 
Body of byoid, inf. border 


Oblique line of thyroid 
cartilage 


Intermediate tendon by 


fascia to clavicle 
Body of hyoid, inf. border 


Lateral margin of epiglottis 
Lateral margin of epiglottis 


Muscular process of 
arytenoid cartilage 

Apex of opposite arytenoid 
cartilage 

Posterior surface and 
lateral border of 
opposite arytenoid 
cartilage 

Muscular process of 
arytenoid cartilage 


Vocal process of 
arytenoid cartilage 


Muscular process of 
arytenoid cartilage 


Anterior border, inferior 
horn of thyroid cartilage 

Lower border of lamina 
of thyroid cartilage 


Pharyngeal wall 


See above 


Styloid process 


Medial pterygoid plata; 


pterygomandibular raphe; 


mandible 
Horna of hyoid 


Thyroid and cricoid 
cartilages 
Arch of cricoid cartilage 





Posterior border of thyroid 
cartilage; posterolateral 
wall of pharynx 


pharyngeal tubercle 
haryngeal raphe 
pharyngeal raphe 
pharyngeal raphe 


Arch of cricoid cartilage 


Elevates the thyroid cartilage; ^ Ansa cervicitis 


depresses the hyoid ci. 2 ] 
Depresses hyoid 


Depresses thyroid cartilage 


| Ansa cervicalis 
Cl, 2,3 


Depresses the hyoid 


Assists in closing inlet of 
larynx 

Assists in closing Inlet of 
larynx 

Assists in dosing glottis; 
shortens vocal folds 


Assist in closing glottia by 
adducting arytenoid 
cartilages 

Vagus X 

Mainly accessory ХІ, 
cranial root 


Vagus X 

Adducts and medially rotates 
arytenoid cartilage 
assisting in closing glottia 

Regulates tension of vocal 
folds 


Abducts arytenoid cartilage 
widening glottis 


Elevates cricoid arch and 
elongates vocal folds 


Elevates pharynx Pharyngeal plexus 
.Xl 


IX. X. ХІ 


Elevates pharynx and larynx ^ ^ glossopharyngeal 
X 


Conatrict, sequentially, 
nasopharynx, 
oropharynx 


laryngopharynx Pharyngeal plexus 
IX X. XI 


^ Acts as sphincter to prevent 
air entering esophagus; 
relaxes during swallowin 





— dá 





Pharyngeal plexus 
IX and X 


The tort palate is elevated and brought into contact with the pos- 
terior pharyngeal wall by the contraction of the tensor and leva- 
tor veli palatini muscles. This action closes off the nasopharynx 
ensuring passage of the bolus into the lumen of the laryn- 
gopharynx. This passage is facilitated when the lumen is ex- 
panded by the elevation of the pharyngeal wall and the cranial 
and anterior movement of the hyoid bone and the larynx. When 
the last of the bolus leaves the oral cavity, the oropharynx open- 
ing is closed by contraction of the palatopharyngeal muscles and 
descent of the soft palate. 


The cranial movement of the thyroid cartilage toward the hyoid 
bone and of these two structures, in turn, toward the base of the 
tongue results in tilting the epiglottis posteriorly. The weight of 
the bolus as it contacts the anterior surface of the epiglottis as- 
sists in increasing this posterior tilt. The change of position of the 
epiglottis aids in directing the bolus material around the sides of 
the larynx through the piriform sinuses and over the tip of the 
epiglottis into the hypopharynx. It also aids in preventing food- 
stuffs from entering the larynx. The major mechanism for 
protecting the larynx, however, is the concurrent, sphincter-like 
closure of the laryngeal inlet to the vestibule and the closure of 
the vestibular and vocal folds of the glottis. 


Occurring simultaneously with the above events is a sequential 
contraction of the superior, middle and inferior constrictors which 
strips the pharynx forcing the bolus toward the esophagus. Hori- 
zontally oriented fibers found between the inferior constrictor and 
the esophagus have been named the cricopheryngeua muadm. 
This muscle acts as a sphincter and functionally is related mora 
to the esophagus then to the pharynx. It relaxes when the bolus 
reaches the caudal extent of the hypopharynx permitting the food- 
| stuff to enter the esophagus. 
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INTRODUCTION 


The cervical spine and the muscles of the neck form a re- 
markable structure that provides for movement of the head 
in all directions, and for stability in various positions. The 
neck supports the weight of the head in the upright posi- 
tion. For the gymnast who performs a headstand, the neck 
supports the weight of the body momentarily! 

The "standard" (also referred to as normal) position 
of the head is one in which the head is "level" based on 
the fact that "eyes seek eye level." The neck is in a po- 
sition of slight anterior curve, and the upper back is in a 
position of slight posterior curve. 

In typical faulty posture, the alignment of the head 
.. does not change, but the alignment of the neck changes 
in response to altered upper back positions. If the upper 
back is straight, the neck will be straight. If the upper 
back curves posteriorly into a kyphotic position, the neck 
extension increases correspondingly to the extent that a 
marked kyphosis may result in a position of full neck ex- 
tension with the head maintaining a level position. (See 
p. 153, Figures B and D.) 

Chronic problems of the neck may result from faulty 
. posture of the upper back. As seen in the radiographs on 

p. 153, the extension occurs in the lower cervical area 
with the upper vertebrae maintaining a level position for 
support of the head. 
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Along with many attributes, the neck is also vul- 
nerable to stress and serious injury. Occupational or 
recreational activities may demand positions of the head 
that result in alignment and muscle imbalance problems. 
(See p. 161 for examples of incorrect and corrected po- 
sitions in a workplace situation.) 

Emotional stress may cause an acute onset of pain 
with spasm of the neck muscles. The problem may be 
only temporary or the stress may be long-standing and 
result in chronic problems. The appropriate use of mas- 
sage in the early stages can be an important part of treat- 
ment. (See p. 162.) 

A common cause of whiplash injury to the neck is 
one in which a stopped or very slow-moving vehicle is 
hit from the rear by a fast-moving vehicle. By the im- 
pact, the head is suddenly thrust backward resulting in 
hyperextension of the neck, followed immediately by a 
sudden thrust forward resulting in hyperflexion of the 
neck. Trauma caused by a whiplash may result in tem- 
porary and relatively mild symptoms, or may cause se- 
vere and long-term problems. 

This chapter presents basic evaluation and treat- 
ment procedures in relation to faulty and painful neck 
conditions. 
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CERVICAL PLEXUS 





The cervical plexus is formed by the ventral primary 
rami of spinal nerves CI through C4, with a small con- 
tribution from CS. Peripheral nerves arising from the 


cervical plexus innervate most of the anterior and lateral 


muscles of the neck and supply sensory fibers to part of 
the head as well as to much of the neck. 


т А ry N. 
eta Greater: add X 5 ; -—Hypoglossal N. 
occipital auricular / f i Ош) 
c2, 3 C213 "МИ 
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2. 4.10. ' 
/ / Rectus wi rae 
capitis \ 1 T 
Longus capitis C1,2,3, (4) 
" , 
rcd C1 | \ BED 
Еа 15 Longus colli C2,3,4 
C12z 





to 
Sternocleidomastoid —. .. е 
Xi ü 
C(1). 2,3 
to 
Geniohyoid 
СІ, (2) 
= to 
йезе: 7 Thyrohyoid 
umi C1,(2) 
scapulae 
C3,4,5 


Transverse cutaneous 
of the neck 
C2,3 


i { Ansa cervicalis: 
to _ superior root C1,(2) 
Trapezius inferior root C2, 3 
xl e 
C2,3,4 
Supraclavicular to 
C3,4 Scaleni -to Omohyoid 
C3,4,5 E 
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f to Sternohyoid 
Phrenic 
C3,4,5 









—to Sternothyroid ©1248 
‘+L- to Omohyoid 
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JOINT MOVEMENTS OF THE 
CERVICAL SPINE 


The normal anterior curve of the spine in the cervical re- 
gion forms a slightly extended position. Cervical spine 
extension is movement in the direction of increasing the 
normal forward curve. It may occur by tilting the head 
back, bringing the occiput toward the seventh cervical 
vertebra. It also may occur in sitting or standing by 
slumping into a round-upper-back, forward-head posi- 
tion, bringing the seventh cervical vertebra toward the 
occiput. 

Cervical spine flexion is movement of the spine in 
a posterior direction, decreasing the normal anterior curve. 
Movement may continue to the point of straightening the 
cervical spine (i.e., the end range of normal flexion), and 
in some instances, movement may progress to the point 
that the spine curves convexly backward (i.e., a position 
of mild kyphosis). Gore et al., using cervical radiographs, 
reported cervical kyphosis as a normal variant in asymp- 
tomatic individuals. (1) Harrison et al. used radiographs 





to look at the stresses produced by different cervical 
postures, and they found that stresses in the region of 
cervical kyphosis were 6 to 10 times greater than those 
in the regions of cervical lordosis. (2) 

Movement of the spine in the frontal plane is re- 
ferred to as lateral flexion. Consistent with the geom- 
etry of the cervical facets, lateral flexion occurs prima- 
rily between the occiput and CI, and between CI and 
C2. (3) When observing lateral flexion, it is important 
to stabilize the thoracic and lumbar spines and to ensure 
that the observed motion is lateral flexion and not ele- 
vation of the shoulder. (4) Cervical rotation occurs in 
a transverse plane about a vertical axis between C2 and 
C7 (5). Due to the coronal and oblique orientation of 
the cervical facet joints, cervical rotation is combined 
with lateral flexion. (See p. 152 for flexion and exten- 
sion of the neck and p. 163 for rotation and lateral flex- 
ion of the neck.) 
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NECK RANGE OF MOTION 





It is important to maintain good neck range of motion. 
We are constantly challenged by the need to turn the 
head to look sideways or tilt it to look downward to 
avoid colliding with or tripping over something. Hence, 
it is advisable to establish and justify a means by which 
measurements can be taken to determine the range of 
motion of the neck in relation to established standards. 

Various methods have been employed to measure the 
range of motion of the cervical spine: radiographs, go- 
niometers, electrogoniometers, inclinometers, tape meas- 
ures, Cervical ROM devices, ultrasound and digital opto- 
electronic instrumentation, as well as simple estimations 
of observable motion (6). The broad assortment of instru- 
ments, and the lack of uniform procedures that have been 
in both reliability and descriptive studies, have contributed 
to the wide range of published norms for active and pas- 
sive neck range of motion. However, the table below pro- 
vides examples of three sources that do support each other. 


Taking measurements of a large number of people 
is not the answer because too many variables exist. Dvo- 
rak, et al., found "significant differences both between 
genders and age decades." (7) In addition, variances will 
exist between necks that are long and slender as opposed 
to those that are short and stocky. 

It is essential that the subject be placed as close to 
the ideal postural alignment of the upper back and neck 
as possible before taking range of motion measurements. 
Starting with a forward head position will limit move- 
ment in every plane. 

If the upper back is rigid in a position of kyphosis, 
treatment of the tight neck extensors with massage and 
gentle stretching may only be palliative but still worth- 
while. If the posture of the upper back is habitually 
faulty but the person is able to assume a normal align- 
ment, efforts should be directed toward maintaining good 
alignment. Temporary use of a support to help correct 
faulty posture of the shoulder and upper back may be 
beneficial. 


CERVICAL RANGE OF MOTION: COMPARISON OF "NORMS" 
a "CC! cb crc 


Palmer & Eppler 


Cervical Movements 2nd ed. 1998 (8) 











Clarkson 2nd ed. 2000 (9) 


Reese & Bandy 
(2002) (10) 














Flexion Cervical 0° to 45° O°to 45° | 0° to 45°-50° 
Extension E Cervical 0° to 45° ccm O°to 45° | 0° to AISA 
Lateral Flexion о to 45°-60° = aa 0° to 45° = зы Q*to 45° > 
x E | , o to 60°-75° Ғ O°to 60° 0° їо 80° 
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SECTION II: NECK MUSCLES 







































































ORIGINS AND INSERTIONS 

| | 
| 
| ds 3 
| Muscle | Origin Insertion 
| = = = 

"m 1 T с E = 
Rectus capitis posterior minor | Tubercle on posterior arch of atlas Medial part of inferior nuchal line of 
| | occipital bone 
= 4 * B E E 

Rectus capitis posterior major Spinous process of axis Lateral part of inferior nuchal line of 

| | occipital bone 

= E 1 

Obliquus capitis superior Superior surface of transverse process | Between superior and inferior 

ы of atlas nuchal lines of occipital bone 
Obliquus capitis inferior Apex of spinous process of axis | Inferoposterior part of transverse 
| process of atlas 
+ ——— A UIT e——- 
Longus capitis* | Anterior tubercles of transverse processes | Interior surface of basilar part of 
| of third through sixth cervical vertebrae | occipital bone 
| — + —— — р ———————— | 

Longus colli* Superior oblique portion: Anterior tubercles | Tubercle on anterior arch of 
of transverse processes of third through atlas 
fifth cervical vertebrae 
Interior oblique portion: Anterior surface of Anterior tubercles of transverse 

| bodies of first two or three thoracic | processes of fifth and sixth 
vertebrae. cervical vertebrae | 
Vertical portion: Anterior surface of bodies | Anterior surface of bodies of 
of first three thoracic and last three second through fourth cervical 
cervical vertebrae vertebrae 
— Li le : zx. Paare = 
Rectus capitis anterior* Root of transverse process; anterior Interior surface of basilar part of 
surface of atlas occipital bone 
= = EE cas 2 See | m 
Rectus capitis lateralls* Superior surface of transverse process Inferior surface of jugular process of 
Ч of atlas | occipital bone 
E aJ. e dir n É — 

Platysma Fascia covering superior parts of | Inferior margin of mandible; skin 
pectoralis major and deltoid of lower part of face and corner 

| ы |, of mouth 

n p ь T : = > Xm LS E 

Sternocleidomastoid Medial or sternal head: Cranial part of Lateral surface of mastoid 
manubrium ѕіеті process; lateral V2 of superior nuchal 
Lateral or clavicular head: Medial Vi of line of occipital bone 
clavicle 

| 4 225 ЕЕЕ 

Scalenus anterior* Anterior tubercles of transverse processes Scalene tubercle and cranial crest of 

ы of third through sixth cervical vertebrae | first rib 

— T—— —— + — 

Scalenus medius Posterior tubercles of transverse processes First rib, cranial surface between 
of second through seventh cervical tubercle and subclavian groove 
vertebrae 

ET 1—— — - + — 

Scalenus posterior By two or three tendons from posterior Outer surface of second rib 
tubercles of transverse processes of | 
last two or three cervical vertebrae 

Trapezius, upper mus 





ie icti M, 





‘atid 





page 
"See illustration, page 123. 





External occipital protuberance, medial V3 
of superior nuchal line, ligamentum 
nuchae, and spinous process of seventh 
cervical 


vertebra 


Lateral '& of clavicle; acromium | 
process of scapula 








ACTIONS AND NERVES 







































































Acting Bilaterally Acting Unilaterally 
4- 
Rotation Toward 
T T T 
Muscle | Extension Flexion | Lateral flexion | Same Side | Opposite Side Nerves 
ls -— ап —L— T——— 
Rectus capitis posterior minor x | Suboccipital 
+ + + + T GET! CCS TES; ис саш 
Rectus capitis posterior major х x Suboccipital 
—— + ЕЕЕ: + + + - 
Obliquus capitis superior х х Suboccipital 
—+ 4 uf + E E 
| Obliquus capitis inferior x Suboccipital 
| 
+ = = +- -o —— i 4 
Longus capitis x х Cervical, 1, 2, 3 
-- 4 + 1 + 1—— 
Longus colli xX x x Cervical, 2-7 
| | | 
e = Ё a 4 і + = 
| Rectus capitis anterior х | х | Cervical, 1, 2 
+ 1—1 1 T 
Rectus capitis lateralis | x | | Cervical, 1,2 | 
| 
L— > | | і 
Platysma х | Facial 
к— + + —ї = i +— = — 
Sternocleidomastoid x x | x x Accessory & 
| | cervical, 1, 2 
| | | 
[ a "T T T 1 1 
Scalenus anterior x | х x Cervical, lower 
T | en t 
Scalenus medius | x | x Cervical, lower 
| I 
= ——+ 4——— + + -— 
Scalenus posterior x x Cervical, 6, 7, 8 
| | 
ү + + —} 4 4 + 
Trapezius, upper х | x х Cranial, (1) 
| Cervical, 3, 4 
А 
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ANTERIOR AND LATERAL 
NECK MUSCLES 


Longus capitis 
* multiple origin 3-6 


Rectus 
capitis ant. 


Longus colli 
V multiple origin 1-74 


ORIGIN 





Scalenus medius 
Scalenus — Scalenus 


medius anterior 
2-7 3-6 





Scalenus anterior 


Scalenus posterior 


INSERTION f -" æ 


ij 72 
Scalenus medius ^| x 
( 


Scalenus anterior 
{ 





See pages 148 and 149 for the origins, insertions, actions and nerves of 


these muscles (11). 


Medical portal MedWedi.ru 














SUPRAHYOID AND 
INFRAHYOID MUSCLES 








Mylohyoid Digastric, ant. belly 


> =з == 4 Digastric, post. belly 









od í 
Thyrohyoid Д 1 


| 


f 


3! | 
AN) N | 
Omohyoid, sup. belly NX } 
am 


Sternothyroid 


Omohyoid, inf. belly 





See Chapter 3, pages 138 and 139, for the origins, insertions, actions, 
nerves and roles in deglutition of these muscles (11). 
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CERVICAL SPINE EXTENSION 


AND FLEXION 

















A subject with normal flexibility was photographed and x-rayed 
in five neck positions. "Markers" were placed at the hairline and 
over C7. 


Cervical spine extension by tilting the head in a posterior direction. 
Note the approximation of the markers on the radiograph. 


Cervical spine extension in a typical forward-head posture. Note the 
similarity in the curve and the positions of the markers to those in 
the example above. Often, this slumped posture is mistakenly re- 
ferred to as flexion of the lower cervical spine and extension of the 
upper cervical spine. However, the extension is more pronounced in 
the lower than in the upper cervical region. 


Good alignment of the cervical spine. 


Flexion (flattening) of the cervical spine by tilting the head in an 
anterior direction. 


Flexion of both the cervical spine and the upper thoracic spine oc- 
curs when the chin is brought toward the chest. 
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Cervical Spine, Good and Faulty Positions: For the 


radiograph on the left, the subject sat erect, with the head 
and upper trunk in good alignment. For the radiograph on 





Cervical Spine, Extension: In Figure A, the head tilts 
backward, the cervical spine is hyperextended, and the 
chest and shoulders are elevated. 


Cervical Spine, Straight (Flexed): In Figure B, the 
head is in slight anterior tilt, the scapulae are prominent, 
and the upper back is straight. (See p. 334 for a poste- 
rior view of a subject with a straight upper back and 


prominent scapulae.) 


Forward Head with Attempted Correction: In Figure 
C, the subject apparently is trying to correct what is ba- 
sically a forward position. The curve of the neck begins 


the right, the same subject sat in a typically slumped po- 
sition, with a round upper back and a forward head. As 
illustrated, the cervical spine is in extension. 





in a typical way in the lower cervical region, but a sharp 
angulation occurs at approximately the sixth cervical 
vertebra. Above this level, the curve seems to be very 
much decreased. The chin is pressed against the front of 
the throat. This distorted rather than corrected position 
of the neck results from a failure to correct the related 
faulty position of the upper trunk. 


Forward Head, Marked: In Figure D, the subject 
shows an extremely faulty alignment of the neck and 
thoracic spine. The degree of deformity in the thoracic 
spine suggests an epiphysitis. This patient was treated 
for pain in the posterior neck and occipital region. 


Medical portal MedWedi.ru 





POSITIONS 153 


SECTION 111: NECK MUSCLE TESTS 





ANTERIOR NECK FLEXORS 





Patient: Supine, with the elbows bent and the hands 
overhead, resting on the table. 


Fixation: Anterior abdominal muscles must be strong 
enough to give anterior fixation from the thorax to the 
pelvis before the head can be raised by the neck flexors. 
If the abdominal muscles are weak, the examiner can 
provide fixation by exerting firm, downward pressure on 
the thorax. Children approximately 5 years of age and 
younger should have fixation of the thorax provided by 
the examiner. 


lest: Flexion of the cervical spine by lifting the head 
from the table, with the chin depressed and approxi- 
mated toward the sternum. 


Pressure: Against the forehead in a posterior direction. 
(For grading, see facing page.) 





Modified Test: In cases of marked weakness, have the 
patient make an effort to flatten the cervical spine on the 
table, approximating the chin toward the sternum. 


Pressure: Against the chin in the direction of neck ex- 
tension. 


| Note: The anterior vertebral flexors of the neck 

| are the longus capitis, longus colli and rectus capi- 
tisanterior. In this movement, they are aided by the 

| sternocleidomastoid, anterior scaleni, suprahyoids 

| and infrahyoids. The platysma will also attempt to 
aid when the flexors are very weak. 


Weakness: Hyperextension of the cervical spine, result- 
ing in a forward-head position. 


Contracture: A neck flexion contracture is rarely seen 
except unilaterally, as in torticollis. 








ERROR IN TESTING NECK FLEXORS 








WRONG 


If the anterior vertebral neck flexors are weak and the sternocleidomas- 
toid muscles are strong, an individual can raise the head from the table 
(as illustrated) and hold it against pressure. This is not an accurate test 
for the neck flexors, however, because the action is accomplished 
chiefly by the sternocleidomastoids aided by the anterior scaleni and 
the clavicular portions of the upper trapezius. 


—————————————— Ó— 


p. 154. continued 


Grading: Because most grades of 10 are based on adult 
standards, it is necessary to acknowledge when a grade 
of less than 10 is normal for children of a given age. 
This is particularly true regarding the strength of the an- 
terior neck and the anterior abdominal muscles. The size 
of the head and trunk in relation to the lower extremities 
as well as the long span and normal protrusion of the 
abdominal wall affect the relative strength of these 
muscles. Anterior neck muscles may have a grade of 


approximately three in a 3-year-old child and of ap- 
proximately five in a 5-year-old child. The grade will 
then increase gradually and reach the 10 standard of per- 
formance by as early as 10 to 12 years of age. Even so, 
many adults will exhibit no more than a grade of six. 
This need not be interpreted as neurogenic, however, be- 
cause it usually is associated with faulty posture of the 
head and upper back. 











ANTEROLATERAL NECK FLEXORS 





The muscles acting in this test are chiefly the stern- 
ocleidomastoid and scaleni. 


Patient: Supine, with elbows bent and hands beside the 
head, resting on table. 


Fixation: If the anterior abdominal muscles are weak, 
the examiner can provide fixation by exerting firm, 
downward pressure on the thorax. 


Test: Anterolateral neck flexion. 


Pressure: Against the temporal region of the head in an 
obliquely posterior direction. 


Note: With neck muscles just strong enough to 
hold but not strong enough to flex completely, a pa- 
tient can lift the head from the table by raising the 
shoulders. A patient will do this especially during 
tests for the right and left neck flexors by taking 
some weight on the elbow or hand to push the shoul- 
der from the table. To avoid this, keep the patient's 
shoulder flat against the table. 
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Contracture and Weakness: A contracture of the right 
sternocleidomastoid produces a right torticollis. The ѓа“ 
is turned toward the left, and the head is tilted toward the 
right. Thus, a right torticollis produces a cervical soolio- 
sis that is convex toward the left with the left stem- 
ocleidomastoid elongated and weak. 

Contracture of the left sternocleidomastoid, wi* 
weakness of the right, produces a left torticollis with’ 
cervical scoliosis that is convex toward the right. 

In a patient with habitually faulty posture and (° 
ward head, the sternocleidomastoid muscles remain 
shortened position and tend to develop shortness. 








POSTEROLATERAL NECK 
EXTENSORS 





The muscles acting in this test are chiefly the splenius 
capitis and cervicis, semispinalis capitis and cervicis, 
and cervical erector Spinae. (See pp. 176 and 177.) 


Patient: Prone, with elbows bent and hands overhead, 
resting on the table. 


Fixation: None necessary. 


Test: Posterolateral neck extension, with the face turned 
toward the side being tested. (See Note.) 


Pressure: Against the posterolateral aspect of the head 
in an anterolateral direction. 








Shortness: The right splenius capitis and left upper 
trapezius are usually short, along with the sternocleido- 
mastoid, in a left torticollis. The opposite muscles are 
short in a right torticollis. 


Note: The upper trapezius, which is also a pos- 
terolateral neck extensor, is tested with the face 
turned away from the side being tested. (See p. 
158.) 








NECK MUSCLE TESTS 





UPPER TRAPEZIUS 





Patient: Sitting. 
Fixation: None necessary. 


Test: Elevation of the acromial end of the clavicle and 
scapula and posterolateral extension of the neck, bring- 
ing the occiput toward the elevated shoulder with the 
face turned in the opposite direction. 

The upper trapezius can be differentiated from the 
other elevators of the scapula because it is the only one 
that elevates the acromial end of the clavicle and the 
scapula. It also rotates the scapula laterally as it elevates, 
in contrast with the straight elevation that occurs when 
all elevators contract, as in shrugging the shoulders. 





Pressure: Against the shoulder in the direction of de- 
pression, and against the head in the direction of flexion 
anterolaterally. 





Weakness: Unilaterally, weakness decreases the ability 
to approximate the acromion and the occiput. Bilater- 
ally, weakness decreases the ability to extend the cervi- 
cal spine (e.g., to raise the head from a prone position) 


Shortness: Results in an elevation of the shoulder gir- 
dle (commonly seen in prize-fighters and swimmers). In 
a faulty posture with forward head and kyphosis, the 
cervical spine is in extension, and the upper trapezius 
muscles are in a shortened position. 


Contracture: Unilateral contracture is frequently seen 
in cases of torticollis. For example, the right upper trapez- 
ius is usually contracted along with the right sternoclei- 
domastoid and scaleni. (See also p. 156.) 











Muscle problems associated with pain in the posterior 
neck are essentially of two types: one associated with 
muscle tightness and the other with muscle strain. Symp- 
toms and indications for treatment differ according to 
the underlying fault. Both types are quite prevalent. The 
one associated with muscle tightness usually has a grad- 
ual onset of symptoms, whereas the one associated with 
muscle strain usually has an acute onset. 


TIGHTNESS OF POSTERIOR 
NECK MUSCLES 


Neck pain and headaches associated with tightness in the 
posterior neck muscles are most often found in patients 
with a forward head and a round upper back. As shown 
on pages 152 and 153, the compensatory head position 
associated with a slumped, round upper back results in 
extension of the cervical spine. 

The faulty mechanics associated with this condition 
chiefly consist of undue compression posteriorly on the 
articulating facets and posterior surfaces of the bodies of 
the vertebrae, stretch weakness of the anterior vertebral 
neck flexors, and tightness of the neck extensors, in- 
cluding the upper trapezius, splenius capitis and semi- 
spinals capitis. 

Headaches associated with this muscle tightness are 
essentially of two types: occipital headache and ten- 
sion headache. The greater occipital nerve, which is 
both sensory and motor, supplies the semispinalis and 
splenius capitis muscles. It pierces the semispinalis capi- 
tis and the trapezius near their attachments to the occip- 
ital bone. This nerve also innervates the scalp posteriorly 
up to the top of the head. In the occipital headache, there 
usually is pain and tenderness on palpation in the area 
where the nerve pierces the muscles as well as pain in 
the scalp in the area supplied by the nerve. In a tension 
headache, in addition to the faulty postural position of 
the head and neck and the tightness of the posterior neck 
muscles, an element of stress is also involved. This 
makes the condition tend to fluctuate with times of in- 
creased or decreased stress. In any event, the tight 
muscles usually respond to treatment that helps these 
muscles to relax. 

Symptoms in addition to pain may occur with 
tension headaches: "Occasionally, muscle contraction 
headaches will be accompanied by nausea, vomiting and 
blurred vision, but there is no preheadache syndrome as 
with migraine" (12). 

From another source comes the statement that this 
forward-head position has been found "to cause an al- 
teration in the rest position of the mandible, upper tho- 
racic respiration with subsequent hyperactivity of the 
respiratory accessory muscles, and mouth breathing with 
a loss of the rest position of the tongue ... and may lead 





SECTION IV: PAINFUL CONDITIONS 


to eventual osteoarthrosis and remodeling of the tem- 
poromandibular joint" (13). 

On palpation, the posterior muscles are tight. 
Movements of the neck are often limited in all direc- 
tions except in extension. Pain may be of lower inten- 
sity when the patient is recumbent, but it tends to be 
present regardless of the position the patient assumes. 

The patient should use a pillow that permits a com- 
fortable position of the neck. The patient should not 
sleep without a pillow, because the head will drop back 
in extension of the neck. On the other hand, the use of 
too high a pillow should be discouraged, because this 
can result in an increased forward-head position. A com- 
mercially available or home-made cervical pillow can 
provide the needed comfort and keep the neck in good 
position. The pillow should be flattened in the center to 
provide support both posteriorly and laterally. 

Active treatment consists of heat, massage and 
stretching. The massage should be gentle and relaxing at 
first, then progress to deeper kneading. Stretching of the 
tight muscles must be very gradual, using both active 
and assisted movements. The patient should actively try 
to stretch the posterior neck muscles by efforts to flatten 
the cervical spine (i.e., pulling the chin down and in). 
(See p. 163.) This action compares with the effort to 
flatten the lumbar spine in cases of lordosis and may be 
done in the supine, sitting, or standing position but not 
in the prone position. Exercises that hyperextend the cer- 
vical spine are contraindicated. 

Because the faulty head position is usually com- 
pensatory to a thoracic kyphosis, which in turn may re- 
sult from postural deviations of the low back or pelvis, 
treatment frequently must begin with correction of the 
associated faults. Treatment for the neck may need to 
begin with exercises to strengthen the lower abdominal 
muscles and with use of a good abdominal support that 
permits the patient to assume a better upper back and 
chest position. 

Unilateral tightness in posterolateral neck muscles 
is increasingly common as a result of people holding a 
telephone on the shoulder. In this position, the shoulder 
is elevated, and the head is tilted toward the same side. 
(See p. 161.) The scapular muscle that is the most di- 
rect opponent of the upper trapezius is the lower trapez- 
ius, which acts to depress the scapula posteriorly. The 
most direct opponent of the upper trapezius acting to 
depress the shoulder and the shoulder girdle directly 
downward in the coronal plane is the latissimus dorsi. 
Tests of the strength of this muscle often reveal weak- 
ness on the side of the elevated shoulder, and exercises 
to strengthen this muscle are indicated, along with other 
exercises to stretch the lateral neck flexors. (See p. 163 
for the latissimus exercise and for exercises to stretch 
the lateral neck flexors.) 












PAINFUL CONDITIONS 


UPPER TRAPEZIUS STRAIN 


The upper trapezius is that part of the trapezius muscle 
extending from the occiput to the lateral Л of the clav- 
icle and the acromion process of the scapula. A strain of 
this muscle results in pain, usually acute, in the postero- 
lateral region of the neck. 

The stress that gives rise to this condition is often a 
combination of tension on and contraction of the mus- 
cle. Stretching sideways to reach for an object while tilt- 
ing the head in the opposite direction can cause such an 
attack (e.g., someone on the floor reaching to recover an 
object that rolled under a desk, or someone sitting in the 
front of a car reaching to recover an object from the 
backseat). The abduction of the arm requires scapular 
fixation by action of the trapezius, and the sideways tilt 
of the head puts tension on the muscle. 

The muscle develops a "knot" or a cramp, which is 
better described as a segmental spasm in the muscle. 
(See p. 35.) Application of heat or massage to the entire 
area tends to increase the pain, because the muscle is 
strained. The part to be treated is the part that is in 
spasm. Because it is difficult to localize heat effectively 
to such a small area, massage alone is indicated. Start 
with a gentle, kneading massage, and then increase as 
tolerated. 






Either an improvised collar or a sling (or both) may 
be used if the condition remains very painful and does 
not respond favorably to the massage. 





A simple collar can be made from a small towel 
folded lengthwise to the correct width. The towel is 
wrapped securely around the neck and then held in place 
by a strip of strong tape. The collar can be made mae 
firm by placing a strip of cardboard inside the towel. The 
collar may be needed for only 2 or 3 days. 


лл. 


CERVICAL NERVE ROOT PRESSURE 


Arm pain caused by cervical nerve root pressure is ba- 
sically a neurological problem. Faulty posture of the cer- 
vical spine may act as a contributory factor when the on- 
set is not associated with sudden trauma. Extension of 
the cervical spine as seen in a typical forward-head 
position (see p. 152) produces undue compression on 
the facets and posterior surfaces of the bodies of the cer- 
vical vertebrae. 


When the condition is acute, significant relief may 
be obtained by the use of moist heat (comfortably warm) 
to relieve protective muscle spasm, gentle massage to 
help relax the muscles, and low-level manual or me- 
chanical traction to relieve compression. The use of a 
collar is often necessary in the early stages. It can pro- 
vide appropriate support to help immobilize the cervical 
spine, prevent hyperextension and transmit the weight of 
the head to the shoulder girdle. When symptoms are 
subacute or chronic, treatment should also include exer- 
cises to correct any muscle imbalance and underlying 
faults in alignment. Conservative treatment may be ade- 
quate, or it may be an adjunct to surgical measures. 
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PAINFUL CONDITIONS 


COMPUTER ERGONOMICS 


Increased dependence on computers in many work situations is frequently the cause of neck and upper back dis- 
comfort and headaches if basic ergonomic rules are ignored. The office set-up below was chosen as an example of how 
to correct alignment and relieve strain. The key to improving posture is a well-fitting chair that adjusts for proper 
height, arm support and back support. Use of a phone headset relieves neck strain. 


INCORRECT 





Phone on shoulder, desktop computer and monitor in corner on a platform. 
Neck tilted left, rotated right and extended; shoulders elevated with pressure on 
| elbows and wrists; feet propped on chair legs. 





Computer placed under desk, monitor moved from comer, and platform removed. Monitor at or below eye level. 
Use of phone headset to relieve neck strain. Chair has proper back support and armrests to remove weight of arms 
from neck and shoulders. Legs supported by footrest under desk. 
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SECTION V: TREATMENT 


MASSAGE OF NECK MUSCLES 


Massage is an important modality in the treatment 
of painful neck conditions. The soothing effects of gen- 
tle massage can help relax tense muscles. Neck extensor 
muscles often become short from a faulty forward head 
posture. Massage, along with appropriate exercises, can 
be used to help relax and stretch the tight muscles and 
restore normal range of motion. (See Chapter 1, p. 36 
regarding massage.) 





Start the massage at the occipital at- 
tachments of the upper trapezius. Be- 
gin with a smooth, firm stroking mas- 
sage (effleurage). 





1 


With face turned left to put a mild 
stretch on the left trapezius, repeat the 
stroking and kneading massage. 


1 2 


Continue the massage along the 
trapezius to the attachments on the 
clavicles and scapulae. 


With face turned right to stretch right 
trapezius, repeat the stroking and 
kneading massage. 


The photographs below show the various positions 
for effectively applying massage to help relieve neck 
tension and stiffness. The subject is seated on a stool be- 
side the treatment table. Pillows on the table are adjusted 
to a level that is comfortable for the subject when lean- 
ing forward to rest the head on the hands. Massage is ap- 
plied to posterior and lateral neck muscles, chiefly the 
upper trapezius. (See p. 152 for flexion and extension of 
the neck, and p. 163 for rotation and lateral flexion.) 





3 


Repeat the massage using a kneading 
technique (petrissage) to the left and 
right upper trapezius. 





6 


Sit with left side toward table. With 
elbow on the table, rest head on hand. 
With head tilted toward left, massage 
right lateral neck muscles. Reverse 
the above positions to massage left 
lateral neck muscles. 
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EXERCISES TO STRETCH NECK MUSCLES 


Stretch Neck Rotators: Sit on a 
chair with hands grasping seat to 
keep shoulders down and level. 
Without tilting head, turn toward 
each side (using opposite neck 
rotators). 


Stretch Lateral Neck Flexors: Sit 
on a chair with shoulders back and 
hands grasping seat to hold shoul- 
ders down and level. Tilt head di- 
rectly sideways to stretch opposite 
lateral neck flexors. Exercises for 
lateral neck stretching may be mod- 
ified to tilt anterolateral^ to stretch 
opposite posterolateral muscles. 


( 





Stretch Lateral Neck Flexors: 
Seated or standing, place right hand 
on left shoulder to hold it down. Give 
assistance with left hand, by grasping 
right forearm near elbow and pulling 
it downward, lilt head directly side- 
ways toward right to stretch left lat- 
eral neck flexors. Reverse hands and 
neck position to stretch right side. 





Stretch Neck Extensors: Lie supine (or sit on a stool 
with back against the wall). With hands up beside head 
and low back flat, press head back with chin down and 
in, using anterior neck flexors to straighten (i.e., flatten) 


the neck. 


Stretch Upper Trapezius by Strengthening Latissimus 
Dorsi: Sit on a table with padded blocks beside hips. 
Keep body erect, with shoulders in good alignment. 
Press downward, straightening the elbows, and lift but- 
tocks directly upward from table. (See also pp. 159, 324 
and 325.) 
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INTRODUCTION 


Innervation to the trunk muscles does not include an in- 
tervening plexus between the spinal cord and the pe- 
ripheral nerves like the cervical, brachial, lumbar and 
sacral plexus. Abdominal muscles receive their inner- 
vation from the thoracic branches of the ventral divi- 
sions of the spinal nerves. 

Based on the skeletal structures, the trunk is com- 
posed of two parts. The thoracic spine and the ribcage 
constitute the upper part; the lumbar spine and the pelvis 
constitute the lower part. 

The spinal column, together with the extensor mus- 
cles govern, to a great extent, the posture and move- 
ments of the trunk. This chapter examines the role of 
trunk muscles in movement and support of the trunk, 
and the role of hip muscles that act simultaneously 
with trunk muscles in movements and support of the 
pelvis. 

It is interesting to note that muscles that act in uni- 
son for certain movements act in opposition to each 
other in support of good alignment. For example, in the 
prone position during the movement of spine extension, 
hip extensors assist by stabilizing the pelvis to the fe- 
mur. In the supine position during the movement of 
spine flexion, the hip flexors act to stabilize the pelvis. 
On the other hand, in support of good postural align- 
ment in standing, the hip extensors act with the ab- 
dominal muscles, and the hip flexors act with the back 
extensors. In the movement of raising the trunk up side- 
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ways, lateral trunk muscles laterally flex the trunk as the 

hip abductors stabilize the pelvis. In support of good 
alignment in standing, lateral trunk muscles are assisted 
by hip abductors on the opposite side. 

Photographs and line drawings clearly illustrate the 
differences between the normal movements that occur 
during testing, and the changes that occur when there is 
imbalance between muscles that normally act in unison. 
In many cases, because of the interaction of some trunk 
muscles, group tests are more useful than tests of indi- 
vidual muscles. 

In relation to the trunk, one of the major concerns 
is the painful low back. It is common knowledge that a 
high percentage of the adult population has suffered 
from low back pain at one time or another. For many, the 
treatment of choice consists of restoring good postural 
alignment and muscle balance. (See "The Low Back 
Enigma," on page 219.) 

The section on Muscles of Respiration rightfully 
belongs in this chapter. The lungs and diaphragm are lo- 
cated in the trunk. Faulty alignment of the skeletal struc- 
tures and problems of muscle imbalance can adversely 
affect the respiratory system. 

The Respiratory Muscle Chart (on page 239) lists 
the twenty-three muscles (each of which has a right and 
left component) plus the diaphragm as the muscles of 
respiration. Most of these muscles also have a function 
related to posture and muscle balance. 
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DEFINITIONS 


The following definitions relate to the trunk and hip 
joints. They are considered to be essential for under- 
standing the functions of the trunk muscles. 

The trunk, or torso, is the body excluding the head, 
neck, and limbs. The thorax (i.e., rib cage), the ab- 
domen (i.e., belly), the pelvis (i.e., hip bones), and the 
low back are all parts of the trunk. The term trunk 
raising may be used to describe raising the trunk against 
gravity from various positions: from face-lying (i.e., 
prone), trunk raising backward; from side-lying, trunk 
raising sideways; and from back-lying (i.e., supine), 
trunk raising forward. The term may also apply, in stand- 
ing, to raising the trunk from positions of forward 
bending, side bending, or backward bending to the erect 
position. 


The thorax is elevated (chest lifted upward and for- 
ward) by straightening the upper back, bringing the rib 
cage out of a slumped position. The thorax is depressed 
when sitting or standing in a slumped position, or it may 
be pulled downward by the action of certain abdominal 
muscles. 

The trunk is joined to the thighs at the hip joints. 
The movement of hip flexion means bending forward at 
the hip joint. It may be done by bringing the front of the 
thigh toward the pelvis, as in forward leg raising, or by 
tilting the pelvis forward toward the thigh, as in the sit-up 
movement. (Positions of the pelvis in good and faulty pos- 
tural alignment are illustrated on pp. 173 and 64.) 


JOINTS OF THE 
VERTEBRAL COLUMN 


Vertebral joints include the bilateral synovial joints of 
the vertebral arches, where the inferior facets of one ver- 
tebrajoin with the superior facets of the adjacent verte- 
bra, and the fibrous joints between successive vertebral 
bodies united by intervertebral fibrocartilaginous disks. 
Movement between two adjacent vertebrae is slight, and 
this movement is determined by the slope of the facets 
and by the flexibility of the intervertebral disks. The 
range of motion of the column as a whole, however, is 
considerable, and the movements permitted are flexion, 
extension, lateral flexion and rotation. 


The joints between the first two vertebrae of the 
column are exceptions to the general classification. The 
atlanto-occipital joint, which is between the condyles 
of the occipital bone and the superior facets of the at- 
las, is classified as a condyloid joint The movements 
permitted are flexion and extension with very slight lat- 
eral motion. The atlanto-axial joint is composed of 
three joints. The lateral two fit the general description 
of the joints of the vertebral column. The third, a me- 
dian joint formed by the dens ofthe axis and the fovea 
dentis of the atlas, is classified as a trochoid joint and 
permits rotation. 
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Forward bending and backward bending are used to 
assess the range of motion in flexion and extension of 
the spine. Several variations of these tests exist. 


RANGE OF MOTION IN 
TRUNK FLEXION 


The forward-bending, long-sitting position involves hip 
joint flexion along with back flexion. One must try to dis- 
regard the hip joint movement when observing the contour 
of the back. (See Normal Range of Motion, p. 174.) 

Range of motion and contour of the back may also 
be observed by having a subject bend forward from the 
standing position. As a test position, however, this has 
certain disadvantages. If the pelvis is not level or is ro- 
tated, the plane of forward bending will be altered, and 
the test will not be as satisfactory as that in the long- 
sitting position in which the pelvis is level and rotation 
is better controlled. 








To assess flexion of the back without associated hip 
joint flexion, place a subject in the supine position, rest- 
ing on the forearms with elbows bent at right angles and 
arms close to the body. If the subject can flex the spine 
in this position with the pelvis flat on the table (i.e., no 
hip flexion), the range of motion is considered to be 
good. 

Sometimes it is necessary to ascertain the range of 
back flexion passively. With the subject in the supine po- 
sition, the examiner lifts the upper trunk in flexion to 
completion of the subject's range of motion. The subject 
must relax for the examiner to obtain complete flexion. 





| Scapular instability and, specifically, serratus anterior 
weakness can interfere with the back extension test, as 
seen in the accompanying photograph. 


Note: Push-ups should not be done by individuals 
| who exhibit this type of weakness. 






TRUNK RANGE OF MOTION: 
FLEXION AND EXTENSION 


RANGE OF MOTION IN 
TRUNK EXTENSION 


Because the low back muscles are seldom weak, the 
range of back extension may be determined by the ac- 
tive strength test in the prone position. (See p. 181.) 
Whether the range of motion is normal, limited, or ex- 
cessive, the subject is capable of moving through the ex- 
isting range. The anterosuperior-iliac spines should not 
be lifted from the table during back extension, because 
doing so adds hip extension to the back extension range 
of motion. (See figures below.) 

Back extension often is checked in the standing 
position. The test is useful as a gross evaluation, but it is 
not very specific. Swaying forward at the hips is almost 
a necessity for balance when bending backward, but 
doing so adds the element of hip extension to the test, or 
the knees must bend somewhat if the hip does not 
extend. 
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Similar to the test to determine range of motion in 
spine flexion, a test can be done to determine the range in 
spine extension. The subject lies prone on a table, resting 
on the forearms with elbows bent at right angles and arms 
close to the body. If the subject can extend the spine 
enough to prop up on the forearms with the pelvis flat on 
the table (i.e., anterosuperior-iliac spines on the table), the 
range of motion in extension is considered to be good. 

Sometimes it is necessary to determine the amount 
of passive back extension with the subject prone on the 
table by lifting the subject up in extension through the 
available range of motion. 
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MOVEMENTS OF THE 
VERTEBRAL COLUMN 


FLEXION 


According to Stedman's Medical Dictionary, "to flex" 
means to bend and "to extend" means to straighten (1). 
However, some ambiguity exists when describing the po- 
sitions and movements of the cervical and lumbar spines. 

In the cervical region, flexion of the spine is move- 
ment in the direction of decreasing the normal forward 
curve. Movement continues to the point of straightening or 
flattening this region of the spine, but it normally does not 
progress to the point of the spine curving convexly back- 
ward. (For exceptions, see Chapter 4, pp. 146 and 153.) 

In the thoracic region, flexion of the spine is move- 
ment in the direction of increasing the normal backward 
curve. In normal flexion, the spine curves convexly back- 
ward, producing a continuous, gently rounded contour 
throughout the thoracic area. (For exceptions, see Chap- 
ter 4, p. 153). 

In the lumbar region, flexion of the spine is move- 
ment in the direction of decreasing the normal forward 
curve. It progresses to the point of straightening or flat- 
tening the lower back. Normally, the lumbar spine should 
not curve convexly backward, but excessive flexion in 
the low back is not uncommon. Certain types of activi- 
ties or exercises (e.g., knee-bent sit-ups) can cause flex- 
ion beyond the normal range and make the back vulner- 
able to strain from heavy lifting movements. (See pp. 
174, 175.) 





From a supine position, normal flexion will allow enough 
curling of the trunk to lift the scapulae from the sup- 
porting surface. The area of the seventh cervical verte- 
bra will be lifted upward approximately 8 to 10 inches. 








EXTENSION 


Extension of the spine is movement of the head and 
trunk in a backward direction, while the spine moves in 
the direction of curving convexly forward. 

In the cervical region, extension is movement in 
the direction of increasing the normal forward curve. It 
occurs by tilting the head back, bringing the occiput to- 
ward the seventh cervical vertebra. It may occur, in sit- 
ting or standing, by slumping into a round upper-back, 
and forward-head position that results in approximating 
the seventh cervical vertebra toward the occiput. 

In the thoracic region, extension is movement of 
the spine in the direction of decreasing the normal back- 
ward curve by straightening the upper back. Movement 
may progress to, but normally not beyond, the straight 
(or flat) position. 

In the lumbar region, extension is movement in the 
direction of increasing the normal forward curve. It oc- 
curs by bending the trunk backward or by tilting the 
pelvis forward. As indicated by the photographs on the 
facing page, the range of extension is highly variable, 
making it difficult to establish a standard for the purpose 
of measurements. Furthermore, these variations may ex- 
ist without complaints of pain or disability, making it 
difficult to determine to what extent limited or excessive 
motion constitutes a disability. Too often, assessment of 
back extension is inaccurate or arbitrary. 











From a prone position, normal extension will allow the 
head and chest to be raised enough to lift the xiphoid 
process of the sternum approximately 2 to 4 inches from 
the table. 
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MOVEMENTS OF THE 
VERTEBRAL COLUMN 





HYPEREXTENSION 


Hyperextension of the spine is movement beyond the 
normal range of motion in extension; it also may refer 
to a position greater than the normal anterior curve. 
Hyperextension may vary from slight to extreme. Ex- 
cessive extension in the standing position is obtained by 
anterior pelvic tilt and is a position of lordosis. It is 
important to note that the range of back extension as 
seen in testing does not automatically translate into the 
same degree of lordosis in standing. Other factors, such 
as hip flexor length and abdominal muscle strength, also 
affect the position of the lumbar spine. 


LATERAL FLEXION 


Lateral flexion and rotation are described separately, 
although they occur in combination and are not con- 
sidered to be pure movements. 

Lateral flexion of the spine, which occurs in a coro- 
nal plane, is movement in which the head and trunk bend 
toward one side while the spine curves convexly toward 
the opposite side. A curve convex toward the right is the 
equivalent of lateral flexion toward the left. From a stand- 
ing position with the feet approximately 4 inches apart, 
the body erect, and arms at the sides, normal lateral flex- 
ion (i.e., bending directly sideways) will allow the finger- 
tips to reach approximately to the level of the knee. 

Lateral flexion varies according to the region of the 
spine. It is most free in the cervical and lumbar regions 
and is restricted in the thoracic region by the rib cage. 


ROTATION 


Rotation is movement in a transverse plane. It is most 
free in the thoracic region and is slight in the lumbar re- 
gion. Rotation in the cervical region permits an approx- 
imately 90° range of motion of the head and is referred 
to as rotation of the face toward the right or the left. 
Rotation of the thorax on the pelvis is described as clock- 
wise (i.e., forward on the left side) or counterclockwise 
(ie., forward on the right side). 





Less-than-average back extension range of motion but 
normal muscle strength. 





Average back extension range of motion, with anterosu- 
perior-iliac spines in contact with the table. 
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Excessive range of motion in back extension plus hip 
joint extension that raises the anterosuperior-iliac spines 
from the table. This subject is a diver and also has ex- 
cessive flexion of the back. (See p. 175.) 
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MOVEMENTS OF THE 
SPINE AND PELVIS 


Backward bending in the standing 
position requires that the pelvis and 
thighs be displaced forward for bal- 
ance. Spine extension must be dis- 
tinguished from backward bending. 
How far the spine will bend back- 
ward depends on the available range 
of motion in the spine and the length 
of the abdominal muscles. How far 
the body will bend backward de- 


This subject is not trying to touch 
fingertips to the floor, which would 
require more hip joint flexion, but 
has fully flexed the spine. Flexion is 
normal, as denoted by the straight 
lumbar spine, and a smooth, contin- 
uous curve is in the thoracic region. 
(See pp. 175 and 377 for excessive 
flexion and p. 175, bottom right, for 
limited lumbar flexion.) 





Lateral flexion of the spine depends 
on the available range of motion in 
the spine and the length of the oppo- 
site lateral trunk flexors. How far the 
body can bend sideways depends on 
the length of the opposite hip abduc- 
tors in addition to the above. To ue 
side bending for measuring lateral 
flexion, the pelvis must be level axi 
the feet a standardized distance apart. 


pends on the length of the hip flex- 
ors in addition to the above. 
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Accurate measurements of spine extension and flexion as well as 
of lateral flexion should not include movements in the hip joints, 
which do occur in the bending movements illustrated above. 

Various devices have been developed with the hope that 
meaningful objective measurements can be obtained. Goniometers, 
inclinometers, flexible rulers, tape measures, and radiographs have 
been used in an effort to establish a suitable method for measure- 
ment. Without first defining normal flexion of the lumbar spine, 
however, measurements may not be meaningful. 


This subject has a high hip on the right. If 
this subject were to do side bending with a 
measurement taken of the distance from the 
fingertips to the floor, the measurement 
would be less on the right than on the left. If 

| these measurements were then read as lateral 
flexion of the spine, it would be recorded— 
incorrectly—as lateral flexion more limite: 
toward the right than toward the left. By virtue 
of the high hip on the right, the spine is al- 
ready in lateral flexion, so the shoulder and 
arm will not move downward as far as would 
occur if the pelvis were level. 
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MOVEMENTS OF THE t 
SPINE AND PELVIS 





PELVIS | 


The neutral position of the pelvis is one in which the | 
anterosuperior-iliac spines are in the same transverse / 





plane, and in which the spines and the symphysis pubis | | | 
are in the same vertical plane. An anterior pelvic tilt is | ? M 
a position of the pelvis in which the vertical plane | Ju 1\ 

\ LS] 


through the antero-superior-iliac spines is anterior to a N ¢ f 
vertical plane through the symphysis pubis. A posterior 
pelvic tilt is a position of the pelvis in which the verti- | 
cal plane through the antero-superior iliac spines is pos- 
terior to a vertical plane through the symphysis pubis. In 
a standing position, an anterior pelvic tilt is associated Neutral Anterior tilt Posterior tilt 
with hyperextension of the lumbar spine and flexion of 
the hip joints, whereas a posterior pelvic tilt is associ- 
ated with flexion of the lumbar spine and extension of 
the hip joints. (See pp. 64-70.) Jis 
In lateral pelvic tilt, the pelvis is not level from TA енн 





side to side; rather, опе anterosuperior spine is higher 

than the other. In standing, a lateral tilt is associated f 
with lateral flexion of the lumbar spine and with ad- | AE )r | 
duction and abduction of the hip joints. For example, in | | | | 





a lateral tilt of the pelvis in which the right side is higher | 
than the left, the lumbar spine is laterally flexed result- \ 
ing in a curve that is convex toward the left. The right | 
hip joint is in adduction and the left in abduction. 
Neutral Lateral tilt 





The pelvis is in the neutral position, and the lumbar spine is in a normal anterior curve. 





The pelvis is in a posterior tilt of 10°, and the lower back is flat (i.e., normal flexion). 


FORWARD-BENDING TEST FOR LENGTH 
OF POSTERIOR MUSCLES 


BACK FLEXIBILITY AND 
HAMSTRING LENGTH 


Equipment: Same as for hamstring length test, plus a 
tuler. The ruler is used to measure the distance of the 
fingertips either from or beyond the base of the big toe. 
This measurement is used only as a record to show the 
overall forward bending; it in no way indicates where lim- 
itation or excessive motion has taken place. 


Starting Position: Sitting with legs extended (long-sit- 
ting) and feet at, or slightly below, right angles. 


Reason: To standardize the position of the feet and knees. 


Test Movement: Reach forward, with knees straight, 
and try to touch the fingertips to the base of the big toe 


or beyond, reaching as far as the range of muscle length 
permits. 


Reason: Both the back and hamstrings will elongate to 
their maximum. 





Normal length of back, hamstring, and gastroc-soleus 
muscles. 


Variations in Forward Bending: 


Hamstrings and back, both normal. 

Hamstrings and back, both excessively flexible. 

Hamstrings tight, low back excessively flexible. 

Hamstrings normal, upper back excessively 
flexible. 

Hamstrings and back, both tight. 

Hamstrings excessive in length, low back tight. 








Normal Range of Motion in Forward Bending: Nor- 
mal length of the hamstrings permits the pelvis to flex 
toward the thigh to the extent that the angle between the 
sacrum and the table is approximately 80°. Normal flex- 
ion of the lumbar spine permits the spine to flatten. 
Normal flexion of thoracic spine permits an increase in 
the posterior convexity, which is seen as a smooth, con- 
tinuous curve in this area. The average adult will be 
able to touch fingertips to toes in forward bending with 
knees straight if the flexibility of the back and the length 
of the hamstrings are both normal. (See figure in left 
column.) 





The ability to touch fingertips to toes is a desirable ac- 
complishment for most adults. This subject shows ham- 
string length and back flexibility within normal limits. 





In forward bending, excessive hamstring length permits 
excessive flexion of the pelvis toward the thigh (hip joint 
flexion). This subject also has excessive flexion in the 
mid-back (i.e., thoracolumbar) area. 
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VARIATIONS IN LENGTH OF 
POSTERIOR MUSCLES 





Excessive flexibility of the back overcompensates for 


Excessive length of back muscles, short hamstrings and 
shortness of the hamstrings. 


normal length of the gastroc-soleus. 











Excessive length of the upper back muscles, slight short- This subject is unable to touch his toes because of short- 

ness of the muscles in the mid back and in gastroc- ness in the gastroc-soleus, and slight limitation of flexi- 

soleus. Hamstrings and low back are normal in length. bility in the mid-back area. The upper back shows some 
excessive flexion. 





Normal length of the upper back muscles and short lower Normal length of the upper back muscles and contrac- 
back, hamstring and gastroc-soleus muscles. ture of lower back muscles with paralysis and excessive 
length of extremity muscles. 
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TRUNK MUSCLES 


Trunk muscles consist of back extensors that bend the 
trunk backward, lateral flexors that bend it sideways, 
anterior abdominals that bend it forward or tilt posteri- 
orly, and combinations of these muscles that rotate the 
trunk in a clockwise or a counter-clockwise manner. All 
these muscles play a role in stabilizing the trunk, but the 
back extensors are the most important in this regard. The 
loss of stability that accompanies paralysis or marked 
weakness of the back muscles offers dramatic evidence 
of their importance. Fortunately, marked weakness of 
these muscles seldom occurs. 


The term weak back, as frequently used in connec- 
tion with low back pain, mistakenly suggests a weakness 
of the low back muscles. The feeling of weakness that 
occurs with a painful back is associated with the faulty 
alignment the body assumes, and it is often caused by 
weakness of the abdominal muscles. Persons who have 
faulty posture with roundness of the upper back may 
exhibit weakness in the upper back extensors but have 
normal strength in those of the low back. 

Despite the fact that the low back muscles are the 
most important trunk stabilizers, relatively little space 
will be devoted to them in this chapter compared to the 
detailed discussion of the abdominal muscles. Testing 
back muscles is less complicated than testing abdominal 
muscles, and in the field of exercise, few errors occur 
regarding back exercises. Many misconceptions and er- 
rors, however, occur regarding proper abdominal exer- 
cises. Furthermore, in contrast to the back muscles, 
weakness of the abdominal muscles is more prevalent. It 
is important to know how to test for strength and how to 
prescribe proper exercises for the abdominal muscles 
because of the effect that weakness of these muscles has 
on overall posture and the relationship of such weakness 
to painful postural problems. 

Illustrations, definitions, and descriptions of basic 
concepts are used to help achieve this purpose. Both the 
illustrations of the trunk muscles that follow and the 
accompanying text provide information in detail about 
the origins, insertions and actions of these muscles. This 
information is essential to understanding the functions 
of these important trunk muscles. 


Anteroposterior: Low back muscles oppose anterior 
abdominal muscles. 


Lateral: Lateral trunk muscles oppose each other. 


Rotary: Muscles that produce clockwise rotation op- 
pose those that produce counter-clockwise rotation. 


TRUNK MUSCLES ATTACHED 
TO PELVIS 


With the pelvis pivoting on the femora, the opposing 
groups of muscles act not only in straight anteroposterior 
opposition but also combine their pulls to tilt the pelvis 
forward or backward as well as laterally. There are four 
main groups of muscles in anteroposterior opposition: 


1. The erector spinae, quadratus lumborum, and other 
posterior back muscles attached to the posterosuperior 
part of the pelvis exert an upward pull posteriorly. 


2. The anterior abdominals, especially the rectus abdo- 
minis with its insertion on the symphysis pubis and 
the external oblique with its attachment on the ante- 
rior iliac crest, exert an upward pull anteriorly. 


3. The gluteus maxim us and hamstrings, with attach- 
ments on the posterior ilium, sacrum and ischium, 
exert a downward pull posteriorly. 


4. The hip flexors, including the rectus femoris, tensor 
fasciae latae and sartorius, with attachments on the 
anterior, superior, and inferior spines of the ilium, 
and the iliopsoas, with attachment on the lumbar 
spine and inner surface of the ilium, exert a down- 
ward pull anteriorly. 


The low back muscles act with the hip flexors 
(especially the psoas, with its direct pull from the lum- 
bar spine to the femur) to tilt the pelvis downward and 
forward (i.e., anterior tilt). They are opposed in action 
by the combined pull of the anterior abdominals, pulling 
upward anteriorly, and the hamstrings and gluteus max- 
imus, pulling downward posteriorly, to level the pelvis 
from a position of anterior tilt. 


There are two main groups of pelvic muscles in 
lateral opposition: 


1. The leg abductors (mainly the gluteus minimus and 
medius), which arise from the lateral surface of the 
pelvis, pull downward on the pelvis when the leg is 
fixed as in standing. 


2. The lateral trunk muscles, attached to the lateral 
crest of the ilium, pull upward laterally on the 
pelvis. 


Hip abductors on one side and lateral trunk muscles 
on the other side combine in action to tilt the pelvis lat- 
erally: Right abductors pull downward on the right side 
of the pelvis as left lateral trunk muscles pull upward on 
the left side, and vice versa. These actions are assisted 
by hip adductors on the same side as the lateral mink 
muscles. 

In combination, right hip abductors, left hip adduc- 
tors, and left lateral trunk muscles oppose left hip abduc- 
tors, right hip adductors and right lateral trunk muscles. 


Medical portal MedWedi.ru 





NECK AND BACK EXTENSORS 
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NECK AND BACK EXTENSORS 





Muscles//Verves j Origin J Insertion Action 


Erector spinae 


Common origin from anterior By tendons into inferior borders 


Extension of vertebral column 


(superficial) 
Піосоѕѓа15 
lumboru m/Spinal 


lliocostalis 
thoracis/Spina/ 


Iliocostal^ 
cervicis/Sp/na/ 


Longissimus 
thoracis/Sp/na/ 


Longissimus 
cervicis/Sp/na/ 


Longissimus 
capitis: Cervical 


Spinalis thoracis/ 
Spinal 


Spinalis cervicis/ 
Spinal 


Spinalis capitis/ 
Spinal 


surface of broad tendon 
attached to medial crest of the 
sacrum, spinous processes of 
lumbar and 11th and 12th 
thoracic vertebrae, posterior 
part of medial lip of iliac 
crest, supraspinous ligament, 
and lateral crests of sacrum 


By tendons from upper 
borders of angles of lower 
six ribs 


Angles of third through 
sixth ribs 


In lumbar region, blended with 
iliocostalis lumborum, 
posterior surfaces of transverse 
and accessory processes of 
lumbar vertebrae, and anterior 
layer of thoracolumbar 

fascia 


By tendons from transverse 
processes of upper four or 
five thoracic vertebrae 


By tendons from transverse 
processes of upper four or 
five thoracic vertebrae and 
articular processes of lower 
three or four cervical vertebrae 


By tendons from spinous 
processes of first two 
lumbar and last two thoracic 
vertebrae 


Ligamentum nuchae, lower 
part; spinous process of 
seventh cervical vertebra and, 
sometimes, from spinous 
process of first and second 
thoracic vertebrae. 


Inseparably connected with 
semispinals capitis (see facing 
page) 





of angles of lower six or 
seven ribs 


Cranial borders of angles of 
upper six ribs and dorsum of 
transverse process of seventh 
cervical vertebra 


Posterior tubercles of trans- 
verse processes of fourth 
through sixth cervical vertebrae 


By tendons into tips of trans- 
verse processes of all thoracic 
vertebrae and by fleshy digi- 

tations into lower 9 or 10 ribs 
between tubercles and angles 


By tendons into posterior tuber- 
cles of transverse processes of 
second through sixth cervical 
vertebrae 


Posterior margin of mastoid 
process deep to splenius 
capitis and sternocleidomastoid 


Spinous processes of upper 
four to eight (variable) thoracic 
vertebrae 


Spinous process of axis and, 
occasionally, into the spinous 
processes of C3 and C4 


Same as semispinals capitis 
(see facing page) 
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in lower thoracic area; draws 
ribs downward. 


Extension and lateral flexion 
of vertebral column in upper 
thoracic area; draws ribs 
downward. 


Extension of vertebral column in 
upper thoracic and lower 
cervical areas. 


Extension and lateral flexion of 
vertebral column in thoracic 
area; draws rib downward. 


Extension and lateral flexion 
of vertebral column in cervical 
area; draws ribs downward. 


Extension, lateral flexion and 
rotation of cervical spine; 
turning the head to face 
toward the same side. 


Extension of vertebral column 
in thoracic area. 


Extension of vertebral column 
in upper cervical area. 


Same as Semispinals capitis. 
See facing page 






NECK AND BACK EXTENSORS 















| Insertion Action 
1 Transversospinal^ Transverse processes of By tendons into spinous Extension of vertebral column 

(deep) lower 6 to 10 thoracic processes of first four thoracic | and rotation toward opposite 
First layer vertebrae and last two cervical vertebrae side in thoracic area. 
Semispinalis 
thoracis/Sp/na/ 
Semispinalis Transverse processes of Cervical spinous processes of Extension of vertebral column 
cervicis/Sp/na/ upper five or six thoracic second through fifth cervical and rotation toward opposite 

vertebrae vertebrae side in upper thoracic and 

cervical areas. 

Semispinalis Tips of transverse processes Between superior and inferior Extension of neck and rotation 
capitis/Cerv/ca/ of upper six or seven thoracic ^ nuchal lines of occipital bone of head toward opposite side. 

and seventh cervical ver- 

tebrae and articular processes 

of fourth through sixth 

cervical vertebrae. 
Second layer Sacral region: Posterior surface Spanning two to four vertebrae, ^ Extension of vertebral column 
Multifidi/Sp/na/ of sacrum, medial surface inserted into spinous process of апа rotation toward opposite 

of posterior iliac spine and one of vertebra above from side. 

postero-sacroiliac ligaments. last lumbar to axis 


Lumbar, thoracic, and cervical ^ (Second cervical vertebra) 


regions: Transverse processes 
of 15 through C4. 


Third layer Transverse processes of Base of spinous process of Extension of vertebral column 

Rotatores/Sp/na/ vertebrae vertebra above and rotation toward opposite 
side. 

Interspinales/ Placed in pairs between Extension of vertebral 

Spinal spinous processes of column. 


contiguous vertebrae 
Cervical: six pairs 

Thoracic: two or three pairs; 
between first and second 
(second and third) and 11th 
and 12th vertebrae. 

Lumbar: four pairs 


Lateral flexion of vertebral 


Intertransversarii Small muscles placed between 
anterior and transverse processes of column. 
posterior/Spinal contiguous vertebrae in 
cervical, thoracic, and lumbar 
regions 
Splenius cervicis/ ^ Spinous processes of third Posterior tubercles of transverse ^ Extension, lateral flexion and 
Cervical through sixth thoracic processes of first two or rotation of neck, turning face 
vertebrae three cervical vertebrae toward same side. Both sides 
acting together, extension of 
neck. 
Splenius capitis/ Caudal Va of (igamentum Occipital bone inferior to lateral ^ Extension, lateral flexion, and 
Cervical nuchae, spinous process of /3 of superior nuchal line; rotation of neck, turning face 
seventh cervical vertebrae, mastoid process of temporal toward same side. Both sides 
and spinous process of bone acting together, extension 
first three or four thoracic of neck. 


vertebrae 
——————————————————— d 
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BACK EXTENSORS AND HIP EXTENSORS 


For back extensors to raise the trunk from a prone posi- 
tion, the hip extensors must fix the pelvis in extension 
on the thigh. 

Normally, extension of the hip joints and extension 
of the lumbar spine are initiated simultaneously, not as 
two separate movements. 

The illustrations on this page show the variations 
that occur depending on the strength of the two primary 
muscle groups. 

If slight tightness exists in the hip flexors, there is no 
range of extension in the hip joint, and all the movement 
in the direction of raising the leg backward is accom- 
plished by lumbar spine hyperextension and pelvic tilt. 





So 
SHH 
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For hip extensors to raise the extremity backward 
from a prone position through the few degrees of tue 
hip joint extension (*10°), the back extensors must sta- 
bilize the pelvis to the trunk. 








A subject with strong back extensor muscles and strong 
hip extensor muscles can raise the trunk in extension. 





Raising the extremity higher is accomplished by hyper- 
extension of the lumbar spine and anterior tilting of the 
pelvis. In this latter movement, the back extensors are 
assisted by hip flexors on the opposite side that help to 
tilt the pelvis anteriorly. 
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A subject with strong back extensor muscles and 
markedly weak or paralyzed hip extensor muscles can 


hyperextend the lumbar spine. However, the trunk can- 
not be lifted high from the table. 


In an effort to lift the extremity, the back muscles con- 
tract to fix the pelvis on the trunk, but with little or no 
strength in the hip extensors, the thigh cannot be ex- 
tended on the pelvis. The unopposed pull of the back 
muscles results in hyperextension of the back, and the 
hip joint is passively drawn into flexion despite the ef 
fort to extend it. 





A subject with weak or paralyzed back extensor muscles 
and strong hip extensor muscles cannot raise the trunk 
in extension. The hip extensors, in their action to fix the 
pelvis, are unopposed: The pelvis tilts posteriorly, and 
the lumbar spine flexes. 











In an effort to lift the extremity, the hip extensors contract. 
The extremity cannot be lifted, however, because the 
back muscles are unable to stabilize the pelvis. The pelvis 
tilts posteriorly because of the pull of the hip extensors 
and the weight of the extremity, instead of tilting 
anteriorly as it would if the back extensors were normal. 
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In the trunk extension test for the back extensors, the 
erector spinae muscles are assisted by the latissimus 
dorsi, quadratus lumborum, and trapezius. 

In the prone position, the low back will assume a 
normal anterior curve. 

To avoid false interpretations of the test results, it 
may be necessary to perform some preliminary tests. It 
is not necessary to do so routinely, however, because 
close observation of the subject in a prone position and 
of the movements taking place during trunk extension 
will indicate if preliminary tests for length of hip flex- 
ors (see p. 377) and strength of the hip extensors (see p. 
436) are needed. 


Patient: Prone, with hands clasped behind the buttocks 
(or behind the head). 


Fixation: Hip extensors must give fixation of the pelvis 
to the thighs. The examiner stabilizes the legs firmly on 
the table. 


Test Movement: Trunk extension to the subject's full 
range of motion. 


Resistance: Gravity. Hands behind the head, or hands 
behind the lower back. 


Grading: The ability to complete the movement and 
hold the position with hands behind the head or behind 
the back may be considered as normal strength. The low 
back muscles are seldom weak, but if there appears to 
be weakness, then hip flexor tightness and/or hip exten- 
sor weakness must be ruled out first. Actual weakness 
can usually be determined by having the examiner raise 
the subject's trunk in extension (to the subject's maxi- 
mum range) and then asking the subject to hold the com- 
pleted test position. Inability to hold this position will 
indicate weakness. Weakness is best described as slight, 
moderate, or marked based on the judgment of the 
examiner. 


If the range of motion appears to be limited, a sec- 
ond person should hold the legs down (or legs should be 


BACK EXTENSORS: 
TESTING AND GRADING 


held down with straps) while the examiner passively 
raises the subject's trunk in extension to that individual's 
completion of spine extension. 

If the hip extensors are weak, it is possible that the 
examiner can stabilize the pelvis firmly in the direction of 
posterior tilt toward the thighs, provided that the legs are 
also firmly held down by another person or by straps. (See 
p. 182.) Alternatively, the subject may be placed at the 
end of the table, with the trunk in a prone position and 
legs hanging down with knees bent as needed. The ex- 
aminer then stabilizes the pelvis and asks subject to raise 
the trunk in extension and hold it against pressure. In the 
presence of tight hip flexors, the back will assume a de- 
gree of extension (i.e., lordosis) commensurate with the 
amount of hip flexor tightness. In other words, the low 
back will be in extension before beginning the trunk ex- 
tension movement. In such a case, the subject will be lim- 
ited in the height to which the trunk can be raised, and 
the mistaken interpretation may be that the back muscles 
are weak, 

A similar situation may arise if the hip extensor 
muscles are weak. For strong extension of the back, the 
hip extensors must stabilize the pelvis toward the thighs. 
If the hip extensors cannot provide this stabilization, the 
pelvis will be pulled upward by the back extensors into 
a position of back extension. Again, as in the case of hip 
exor tightness, if the back is already in some extension 
before the trunk-raising movement is started, the trunk 
will not be raised as high off the table as it would be if 
the pelvis were fixed in extension on the thighs. (See pp. 
80 and 182.) 





Weakness: Bilateral weakness of the back extensor mus- 
cles results in a lumbar kyphosis and an increased tho- 
racic kyphosis. Unilateral weakness results in a lateral 
curvature with convexity toward the weak side. 





Contracture: Bilateral contracture of the low back 
muscles results in a lordosis. Unilateral contracture re- 
sults in a scoliosis with convexity toward the opposite 


side. 


STRONG BACK EXTENSORS, 
MISDIAGNOSED 





WEAKNESS OF THE GLUTEUS MAXIMUS 





~ 


Ft 


Lying prone on a table, this subject exhibits a normal anterior curve in the 
lower back. 


om 
аа 


The moment that back extension is initiated, the curve in the lower back in- 
creases because of weakness in the gluteus maximus. 





When extension is continued, the subject can raise the trunk higher, but not to 
completion of the range of motion. 








Holding the pelvis in the direction of posterior pelvic tilt, in the manner pro- 
vided by a strong gluteus maximus, enables the subject to complete the full 
range of motion. 








Origin: Iliolumbar ligament, iliac crest. Occasionally 
from upper borders of the transverse processes of the 
lower three or four lumbar vertebrae. 

Insertion: Inferior border of the last rib and transverse 
processes of the upper four lumbar vertebrae. 

Action: Assists in extension, laterally flexes the lumbar 
vertebral column, and depresses the last rib. Bilaterally, 
when acting together with the diaphragm, fixes the last 
two ribs during respiration. 

Nerve: Lumbar plexus, T12, LI, 2, 3. 

Patient: Prone. 

Fixation: By muscles that hold the femur firmly in the 
acetabulum. 

Test Movement: Lateral elevation of the pelvis. The ex- 
tremity is placed in slight extension and in the degree of 
abduction that corresponds with the line of fibers of the 
quadratus lumborum. 

Resistance: Given in the form of traction on the ex- 
tremity, directly opposing the line of pull of the quadratus 


QUADRATUS LUMBORUM 





lumborum. If the hip muscles are weak, pressure may be 
given against the posterolateral iliac crest opposite the 
line of pull of the muscle. 

The quadratus lumborum acts with other muscles in 
lateral trunk flexion. It is difficult to palpate this muscle 
because it lies deep beneath the erector spinae. Although 
the quadratus lumborum enters into the motion of ele- 
vation of the pelvis in the standing position or in walk- 
ing, the standing position does not offer a satisfactory 
position for testing. Elevation of the right side of the 
pelvis in standing, for example, depends as much (if not 
more) on the downward pull by the abductors of the left 
hip joint as it does on the upward pull of the right lat- 
eral abdominals. 


The test should not be considered as limited to ac- 
tion of the quadratus lumborum but as giving the most 
satisfactory differentiation that can be obtained. 


Grading: Grading the strength of this muscle numeri- 
cally is not recommended. Simply record whether it ap- 
pears to be weak or strong. 
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LATERAL TRUNK FLEXORS AND 
HIP ABDUCTORS 





STRONG LATERAL TRUNK MUSCLES AND STRONG HIP 


ABDUCTOR MUSCLES 





Lateral trunk flexion through the subject's full range of 


motion. 


Hip abduction through the subject's full range of 
motion. 





STRONG LATERAL TRUNK MUSCLES AND PARALYZED HIP 


ABDUCTOR MUSCLES 





The subject can laterally flex the trunk, but the under- 
neath shoulder will scarcely be raised from the table. 
The pelvis will be drawn upward as the head is raised 
laterally, and the iliac crest and costal margin will be 
approximated. 








In attempting to raise the extremity in abduction, the 
movement that occurs is elevation of the pelvis by the 
lateral trunk muscles. The extremity may be drawn up- 
ward into the position as illustrated, but the hip joint is 
not abducted. In fact, the thigh has dropped into a posi- 
tion of adduction and is held there by the joint structure 
rather than by action of the hip muscles. 





WEAK LATERAL TRUNK MUSCLES AND STRONG HIP ABDUCTOR MUSCLES 








The subject cannot raise the trunk in true lateral flexion. 
Under certain circumstances, the patient may be able to 
raise the trunk from the table laterally even though the 
lateral trunk muscles are quite weak. If the trunk can be 
held rigid, the hip abductor muscles may raise the trunk 
in abduction on the thigh. The rib cage and iliac crest 
will not be approximated laterally as they are when the 
lateral trunk muscles are strong. By decreasing the 


pressure providing fixation for the hip abductors, the ex- 
aminer can make it necessary for the lateral abdominals 
to attempt initiation of the movement. 


The extremity can be lifted in hip abduction, but with- 
out fixation by the lateral abdominal muscles, it cannot 
be raised high off the table. Because of the weakness of 
the lateral trunk muscles, the weight of the extremity 
tilts the pelvis downward. 
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Before testing the lateral trunk muscles, one should test 
the strength of the hip abductors, adductors, and lateral 
neck flexors and the range of motion in lateral flexion. 

Raising the trunk sideways is a combination of lat- 
eral trunk flexion and hip abduction (the latter being 
produced by downward tilting of the pelvis on the thigh). 
The lateral trunk muscles entering into the movement 
are the lateral fibers of the external and internal obliques, 
the quadratus lumborum, the latissimus dorsi, the rectus 
abdominis and the erector spinae on the side being tested. 


Patient: Side-lying, with a pillow between the thighs 
and legs and with the head, upper trunk, pelvis and 
lower extremities in a straight line. The top arm is ex- 
tended down along the side, and the fingers are closed 
so that the patient will not hold onto the thigh and at- 
tempt to assist with the hand. The underarm is forward 
across the chest, with the hand holding the upper 
shoulder to rule out assistance by pushing up with the 
elbow. 


Fixation: Hip abductors must fix the pelvis to the thigh. 
The opposite adductors also help to stabilize the pelvis. 
The legs must be held down by the examiner to coun- 
terbalance the weight of the trunk, but they must not be 
held so firmly as to prevent the upper leg from moving 
slightly downward to accommodate for the downward 
displacement of the pelvis on that side. If the pelvis is 
pushed upward or is not allowed to tilt downward, the 
subject will be unable to raise the trunk sideways even 
if the lateral abdominal muscles are strong. 


Test Movement: Trunk raising directly sideways with- 
out rotation. 


LATERAL TRUNK FLEXORS: 
TESTING AND GRADING 





Resistance: The body weight offers sufficient resistance. 


Normal (10) Grade:* The ability to raise the trunk lat- 
erally from a side-lying position to a point of maximum 
lateral flexion. 


Good (8) Grade: Same as above, except the underneath 
shoulder is approximately 4 inches up from table. 


Fair (5) Grade: Same as above, except the underneath 
shoulder is approximately 2 inches up from table. (See 
p. 217 for tests and grades in cases of marked weakness 
of lateral trunk muscles.) 


Note: Tests of the lateral trunk muscles may reveal 
an imbalance in the oblique muscles. In sideways 
trunk raising, if the legs and the pelvis are held 
steady (i.e., not permitted to twist forward or back- 
ward from the direct side-lying position), the thorax 
may be rotated forward or backward as the trunk 
is laterally flexed. A forward twist of the thorax 
denotes a stronger pull by the external oblique; a 
backward twist denotes a stronger pull by the in- 
ternal oblique. If the back hyperextends as the pa- 
tient raises the trunk, the quadratus lumborum and 
latissimus dorsi show a stronger pull, indicating 
that the anterior abdominal muscles cannot coun- 
terbalance this pull to keep the trunk in a straight 
line with the pelvis. 


The test for strength of the lateral trunk flexors 
is important in cases of scoliosis. 


*See numerical equivalents for word symbols used in The Key to Mus- 
cle Grading on p. 23. 


OBLIQUE TRUNK FLEXORS: 
TESTING AND GRADING 


Raising the trunk obliquely forward combines trunk 
flexion and rotation. It is accomplished by action of the 
rectus abdominis and by the external oblique on one 
side combined with the internal oblique on the oppo- 
site side. 


Patient: Supine. (For arm position, see the discussion of 
grades below.) 


Fixation: An assistant stabilizes the legs as the exam- 
iner places the patient in the test position. (The exam- 
iner is not shown in this photograph.) 


Test: The patient clasps hands behind the head. The ex- 
aminer places the patient into the precise test position 
of trunk flexion and rotation and then asks die patient to 
hold that position. If the muscles are weak, the trunk 
will derotate and extend. There may be increased flex- 
ion of the pelvis on the thighs in an effort to hold the ex- 
tended trunk up from the table. 








Resistance: None in addition to the weight of the trunk. 
Resistance is varied by the position of the arms. 


Normal (10) Grade:* Ability to hold the test position 
with hands clasped behind the head. 


Good (8) Grade: Same as above, except with arms 
folded across the chest. 


Fair+ (6) Grade: Same as above, except with arms 
extended forward. (See illustration of arm positions, 
p. 203.) 


Fair (5) Grade: Ability to hold the trunk in enough 
flexion and rotation to raise both scapular regions fiom 
the table. (See p. 217 for tests and grades in cases of 
marked weakness of the oblique trunk muscles.) 


Note: The test for muscle strength of the oblique ab- 
dominal muscles is important in cases of scoliosis. 


*See numerical equivalents for word symbols used in and The Key to 
Muscle Grading on p. 23. 











SECTION П: ABDOMINAL MUSCLES 





ANALYSIS OF MOVEMENTS AND 
MUSCLE ACTIONS DURING 
CURLED-TRUNK SIT-UPS 


The illustrations on pages 188 and 189 show the various 
stages of movement of the spine and hip joints that oc- 
cur during a curled-trunk sit-up. On pages 190-192, the 
illustrations are repeated with accompanying text that 
describes the associated muscle actions. 

Outlines of the basic features have been made from 
photographs. Drawings of the femur and pelvis and a 
dotted line representing part of the vertebral column 
have been added. The solid line from the anterosuperior 
spine to the symphysis pubis is the line of reference for 
the pelvis. A dotted line parallel to the solid line has 
been drawn through the pelvis to the hip joint, and this 
line continues as a reference line through the femur to 
indicate the angle of the hip joint (i.e., the angle of flex- 
ion) at the various stages of movement. 

Specific degrees, based on the average normal 
ranges of motion presented here and in Chapter 2, help 
to explain the movements that occur. Because of indi- 
vidual variations with respect to ranges of motion of the 
spine and hip joints, the manner in which subjects per- 
form these movements will also vary. 

For this particular analysis, the abdominal and erec- 
tor spinae muscles, as well as the hip flexor and exten- 
sor muscles, are assumed to be normal in length and 
strength. The spine and hip joints are also assumed to 
permit normal range of motion. 

Normal hip joint extension is given as 10°. From 
the viewpoint of stability in standing, it is desirable to 
have a few degrees of extension; however, it is not de- 
sirable to have more than a few degrees. In the upright 


or supine position with the hips and knees extended, a 
posterior pelvic tilt of 10? results in 10? of hip joint ex- 
tension. This occurs because the pelvis is tilted poste- 
riorly toward the back of the thigh instead of the thigh 
being moved posteriorly toward the pelvis. Flattening 
of the lumbar spine accompanies the posterior pelvic 
tilt. Flexion to the point of straightening or flattening 
the low back is considered to be normal flexion on the 
basis that it is an acceptable and desirable range of 
motion. 

With the knee flexed, the hip joint can flex approx- 
imately 125° from the zero position to an acute angle of 
approximately 55° between the femur and the pelvis. 
With the knee extended (as in the straight-leg-raising 
test for hamstring length), the leg can be raised approx- 
imately 80° from the table. The equivalent of this is a 
trunk-raising movement, with the legs extended, in which 
the pelvis is flexed toward the thighs through a range of 
approximately 80° from the table. 

For convenience in measuring joint motion, the trend 
is to use the anatomical position as zero. Thus, the 
straight position of the hip joint is considered to be the 
zero position. However, it is necessary to adhere to geo- 
metric terms when describing angles and the number of 
degrees in angles. 

On pages 188 and 189, the right column under Hip 
Joints refers to the angle of flexion anteriorly between 
the reference line through the pelvis and the line through 
the femur, and degrees are expressed in geometric terms. 
Changes in the angle of flexion represent corresponding 
changes in the length of hip flexors. The left column un- 
der Hip Joints lists the number of degrees from the 
anatomical position through which the hip joint has 
moved, first in extension and then in flexion. 
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SIT-UPS WITH LEGS 
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Ant. sup. spine 
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MOVEMENTS DURING CURLED-TRUNK 
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Movement: Cervical and thoracic spine flexion. Figure C represents completion 


j L of spine flexion phase and beginning of hip flexion phase 
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MOVEMENTS DURING CURLED-TRUNK 
SIT-UPS WITH HIPS AND KNEES FLEXED 

















SPINE HIP JOINTS 
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Lumbar spine flexion and 10° decrease in hip Joint flexion by virtue of 





Movement. 
posterior pelvic tilt 


T 
Zero Zero 





Flexed 10° posterior | 50° flexion 140° 
(straight) tilt of thigh 
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Movement. Cervical and thoracic spine flexion. Figure C represents completion of 
spine flexion and the beginning of the flexion of the pelvis toward flexed thigh. 











10° posterior [ so: flexion 140* 


Flexed Flexed Flexed 
(straight) (curled) (straight) tilt of thigh 


р E 


a 140° angle of flexion to 





Movement: Hip joint flexion. The hip joint has moved from 
a 100° angle by the pelvis flexing toward the femur. 








Flexed | Flexed Flexed Posterior tit | 80° (50° 100° 
(straight) (curled) (straight) in relation thigh + 
to 30° pel- 
trunk vis) 
Anterior tilt 
toward 
thigh 
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P Movement: Hip joint flexion, and a return toward zero position of the cervical and 

Lt thoracic spines. On the basis of 125° being complete flexion, hip joint has 
reached the position of complete flexion. 














Toward Toward Flexed Posterior tilt | 125* (50° 55° 
zero zero (straight) in relation thigh + 
to trunk 75° pel- 
vis) 
Anterior tilt 
toward 
thigh 
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ABDOMINAL AND HIP FLEXOR MUSCLES 
DURING CURLED-TRUNK SIT-UPS 


ZERO POSITION OF THE SPINE, 
PELVIS, AND HIP JOINTS 





A 


Figures A and A’ may be regarded as hypothetical start- 
ing positions. In reality, especially with the knees bent, 
the low back tends to flatten (i.e., the lumbar spine 
flexes) when a normally flexible individual assumes the 
supine position. 

In Figure A, the length of the hip flexors corre- 
sponds with the zero position of the hip joints. 





ZERO POSITION OF THE SPINE 
AND PELVIS AND FLEXION 
OF THE HIP JOINTS 





In Figure A', because of the flexed position of the hips, 
the one-joint hip flexors are shorter in length than those 
in Figure A. In relation to its overall length, the iliacus 
is at approximately 40% of its range of motion, which is 
within the middle ‘К of the overall range. 





POSTERIOR PELVIC TILT, 
LUMBAR SPINE FLEXION, 
AND HIP JOINT EXTENSION 


Wi 


Figures B and B' represent a stage of movement in 
which the pelvis is tilted posteriorly before beginning to 
raise the trunk. (Note the 10? posterior pelvic tilt.) In 
testing, this movement often is performed as a separate 
stage to ensure lumbar spine flexion. 

When the posterior tilt is not done as a separate 
movement, as shown in Figures B and В', it occurs si- 
multaneously with the beginning phase of trunk raising 
(i.e., the trunk-curl phase), unless the abdominal mus- 
cles are extremely weak or the hip flexors are so short 
that they prevent posterior tilt when the subject is supine 
with the legs extended. 

In Figure B, the hip flexors have lengthened, and 
the one-joint hip flexors (chiefly the iliacus) have reached 
the limit of length permitted by the hip joint extension. 
At this length, they help to stabilize the pelvis by re- 
straining further posterior pelvic tilt. 


POSTERIOR PELVIC TILT, 
LUMBAR SPINE FLEXION, 
AND HIP JOINT FLEXION 





In Figure В', the hip flexor length is slightly more than 
that in Figure A’, because the pelvis has tilted posteriorly 
10? away from the femur. Posterior pelvic tilt exercises 
are frequently used with the intention of strengthening 
the abdominal muscles. Too often, however, the tilt is 
done without any benefit to the abdominals. The subject 
performs the movement by contracting the buttocks mus- 
cles (i.e., the hip extensors) and, in the case of the knee- 
bent position, by pushing with the feet to help "rock" the 
pelvis back into posterior tilt. 


To ensure that the pelvic tilt is performed by the ab- 
dominal muscles, there must be an upward and inward 
pull by these muscles, with the front and sides of the 
lower abdomen becoming very firm. (See p. 215.) 

It is necessary to discourage use of the buttocks 
muscles to force action by the abdominals when per- 
forming a posterior pelvic tilt. 
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ABDOMINAL AND HIP FLEXOR MUSCLES 
DURING CURLED-TRUNK SIT-UPS 











SPINE FLEXION PHASE (TRUNK-CURL) COMPLETED 





C 
In Figures C and C', the neck (i.e., cervical spine), up- 
per back (i.e., thoracic spine), and low back (i.e., lum- 
bar spine) are flexed. The low back remained in the same 
degree of flexion as shown in Figures B and B', where 
it reached maximum flexion for this subject. 

In Figures C and C', the abdominal muscles have 
shortened to their fullest extent with the completion of 
spine flexion. In Figure C, the hip flexors have remained 
lengthened to the same extent as shown in Figure B. 





In Figure C\ the one-joint hip flexors have not reached 
the limit of their length and, therefore, do not act pas- 
sively to restrain posterior tilt. The hip flexors contract 
to stabilize the pelvis, and palpation of the superficial 
hip flexors provides evidence of firm contraction as the 
subject begins to lift the head and shoulders from the 


table. 


——————————————————— 


HIP FLEXION PHASE (SIT-UP) INITIATED 





D 
With flexion of the spine complete (as shown in Figures 
C, C', D, and р), no further movement in the direction 
of coming to a sitting position can occur except by flex- 
ion of the hip joints. 
Because the abdominal muscles do not cross the hip 
joint, these muscles cannot assist in hip flexion. 





From a supine position, hip flexion can be performed 
only by the hip flexors acting to bring the pelvis in flex- 
ion toward the thighs. 

Figures D and D' represent the beginning of the sit- 
up phase as well as the end of the trunk-curl phase. 
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ABDOMINAL AND HIP FLEXOR MUSCLES 
DURING CURLED-TRUNK SIT-UPS 


HIP FLEXION PHASE (SIT-UP) CONTINUED 





E 

Figures E and Е' show a point іп the arc of movement 
between the completed trunk curl (as shown in Figures 
C, С', D, and D") and the full sit-up. The abdominal 
muscles maintain the trunk in flexion, and the hip flex- 
ors have lifted the flexed trunk upward toward the sitting 





position through an arc of approximately 30? from the 
table. 

When necessary, the feet may be held down at the ini- 
nation of and during the hip flexion phase. (See p. 208.) Be- 
fore the hip flexion phase, the feet must not be held down. 


ы 


HIP FLEXION PHASE (SIT-UP) COMPLETED 





F 
In Figures F and Е', as the subjects reach the sitting po- 
sition, the cervical and thoracic spines are no longer fully 
flexed, and the abdominal muscles relax to some extent. 

In Figure F, the hip flexors have moved the pelvis 
in flexion toward the thigh, completing an arc of ap- 
proximately 80° from the table. In this position, with the 
knees extended and the lumbar spine flexed, the hip joint 
is as fully flexed as the range of normal hamstring length 
permits. The lumbar spine remains flexed, because mov- 
ing from the flexed position of the low back to the zero 
position (i.e., normal anterior curve) would require that 





F 1 = 4 A 


the pelvis tilt 10? more in flexion toward the thigh, which 
the hamstring length does not permit 

In Figure F', the hip flexors have moved the pelvis 
in flexion toward the thigh through an arc of approxi- 
mately 75? from the table. The lumbar spine remains in 
flexion, because the hip joint has already reached the 
125? of full flexion. Further flexion of the hip joints by 
tilting the pelvis forward (and bringing the low back into 
a normal anterior curve) could be done only if the flex- 
ion of the thigh were decreased by moving the heels far- 
ther from the buttocks in this sitting position. 
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DEFINITIONS AND DESCRIPTIONS OF 
TRUNK MOVEMENTS 





Trunk curl refers to flexion of the spine only (i.e., the 
upper back curves convexly backward and the low 
back straightens). When abdominal muscles are strong 
and the hip flexor muscles very weak, only the trunk 
curl can be completed when attempting to do a sit-up. 
(See p. 205.) 

Sitting position is one in which the trunk is upright 
and the hips are flexed. To sit down means to move 
from an upright to a sitting position by flexing at the hip 
joints; however, this movement may not require action 
of the hip flexor muscles. To sit up means to move from 





— M —— 


A curled-trunk sit-up with the legs extended consists of 


flexion of the spine (i.e., trunk curl) performed by ab- 


a reclining to a sitting position by flexing at the hip 
joints. When done unassisted, this movement can be per- 
formed only by hip flexor muscles. Whether alone or in 
combination, the word sit should be used only in con- 
nection with movement that involves hip joint flexion. 

The sit-up exercise, therefore, is the movement of 
coming from a supine to a sitting position by flexing 
the hip joints, and it is performed by the hip flexors. It 
may be combined correctly with trunk and leg posi- 
tions as illustrated below, or incorrectly as illustrated 
on page 210. 





dominal muscles followed by flexion of the hip joints 
(1.е., sit-up) performed by hip flexors (2-4). 





A curled-trunk sit-up with the hips and knees flexed 
(i.e., knee-bent sit-up) starts from a position of hip flex- 
ion (i.e., flexion of the thigh toward the pelvis) and con- 
sists of flexion of the spine (i.e., trunk curl) performed 


by the abdominal muscles followed by further flexion of 
the hip joints (by flexion of the pelvis toward the thigh) 
performed by the hip flexors (2,3). 
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RECTUS ABDOMINIS 


RECTUS ABDOMINIS 
Origin: Pubic crest and symphysis. 


Insertion: Costal cartilages of the fifth through seventh 
ribs and xiphoid process of the sternum. 


Direction of Fibers: Vertical. 


Action: Flexes the vertebral column by approximating 
the thorax and pelvis anteriorly. With the pelvis fixed, 
the thorax will move toward the pelvis; with the thorax 
fixed, the pelvis will move toward the thorax. 


Nerve: T5, 6, T7-11, T12, ventral rami. 


Weakness: Weakness of this muscle results in decreased 
ability to flex the vertebral column. In the supine posi- 
tion, the ability to tilt the pelvis posteriorly or approxi- 
mate the thorax toward the pelvis is decreased, making 
it difficult to raise the head and upper trunk. For anterior 
neck flexors to raise the head from a supine position, the 
anterior abdominal muscles (particularly the rectus ab- 
dominis) must fix the thorax. With marked weakness of 
the abdominal muscles, an individual may not be able to 
raise the head even though the neck flexors are strong. 
In the erect position, weakness of this muscle permits an 
anterior pelvic tilt and a lordotic posture (i.e., increased 
anterior convexity of the lumbar spine). 


CROSS SECTION OF RECTUS 
ABDOMINIS AND ITS SHEATH 


Above the arcuate line (1), the aponeurosis of the inter- 
nal oblique (b) divides. Its anterior lamina fuses with the 
aponeurosis of the external oblique (a) to form the ven- 
tral layer of the rectus sheath. Its posterior lamina fuses 
with the aponeurosis of the transversus abdominis (c) to 
form the dorsal layer of the rectus sheath. 


Below the arcuate line (2), the aponeuroses of all three 
muscles fuse to form the ventral layer of the rectus 
sheath, and the transversalis fascia forms the dorsal layer. 
(See also p. 197.) 
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EXTERNAL OBLIQUE, 
ANTERIOR FIBERS 


Origin: External surfaces of ribs five through eight in- 
terdigitating with the serratus anterior. 


Insertion: Into a broad, flat aponeurosis, terminating in 
the linea alba, which is a tendinous raphe that extends 
from the xiphoid. 


Direction of Fibers: Obliquely downward and medially, 
with the uppermost fibers more medial. 


Action: Acting bilaterally, the anterior fibers flex the 
vertebral column (approximating the thorax and pelvis 
anteriorly), support and compress the abdominal viscera, 
depress the thorax and assist in respiration. Acting uni- 
laterally with the anterior fibers of the internal oblique 
on the opposite side, the anterior fibers of the external 
oblique rotate the vertebral column, bringing the thorax 
forward (when the pelvis is fixed), or the pelvis back- 
ward (when the thorax is fixed). For example, with the 
pelvis fixed, the right external oblique rotates the thorax 
counter-clockwise, and the left external oblique rotates 
the thorax clockwise. 


Nerves to anterior and lateral fibers: (T5, 6), T7-11, 
T-12 





EXTERNAL OBLIQUE 






EXTERNAL OBLIQUE, 
LATERAL FIBERS 


Origin: External surface of the ninth rib, interdigitating 
with the serratus anterior, and external surfaces of the 
10th through 12th ribs, interdigitating with the latis- 
simus dorsi. 


Insertion: As the inguinal ligament, into the anterosu- 
perior spine and pubic tubercle and into the external Up 
of the anterior ‘h of the iliac crest. 


Direction of Fibers: Fibers extend obliquely downward 
and medially, but more downward than the anterior 
fibers. 


Action: Acting bilaterally, the lateral fibers of the ex- 
ternal oblique flex the vertebral column with a major in- 
fluence on the lumbar spine, tilting the pelvis posteri- 
orly. (See also action in relation to posture, p. 71.) Acting 
unilaterally with the lateral fibers of the internal oblique 
on the same side, these fibers of the external oblique lat- 
erally flex the vertebral column, approximating the tho- 
rax and iliac crest. These external oblique fibers also act 
with the internal oblique on the opposite side to rotate 
the vertebral column. The external oblique, in its action 
on the thorax, is comparable to the sternocleidomastoid 
in its action on the head. 
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INTERNAL OBLIQUE, 
LOWER ANTERIOR FIBERS 


Origin: Lateral Л of inguinal ligament and short at- 
tachment on iliac crest near the anterosuperior spine. 


Insertion: With the transverse abdominis into crest of 
the pubis, medial part of the pectineal line and into the 
linea alba by means of an aponeurosis. 


Direction of Fibers: Transversely across the lower ab- 
domen. 


Action: The lower anterior fibers compress and support 
the lower abdominal viscera in conjunction with the 
transversus abdominis. 


INTERNAL OBLIQUE, 
UPPER ANTERIOR FIBERS 


Origin: Anterior '/3 of intermediate line of the iliac 
crest. 


Insertion: Linea alba by means of an aponeurosis. 
Direction of Fibers: Obliquely medially and upward. 


Action: Acting bilaterally, the upper anterior fibers flex 
the vertebral column (approximating the thorax and 
pelvis anteriorly), support and compress the abdominal 
viscera, depress the thorax and assist in respiration. Act- 
ing unilaterally in conjunction with the anterior fibers of 








the external oblique on the opposite side, the upper an- 
terior fibers of the internal oblique rotate the vertebral 
column, bringing the thorax backward (when the pelvis 
is fixed), or the pelvis forward (when the thorax is fixed). 
For example, the right internal oblique rotates the thorax 
clockwise, and the left internal oblique rotates the tho- 
rax counterclockwise on a fixed pelvis. 


INTERNAL OBLIQUE, 
LATERAL FIBERS 


Origin: Middle ‘h of intermediate line of the iliac crest 
and the thoracolumbar fascia. 


Insertion: Inferior borders of the 10th through 12th ribs 
and the linea alba by means of an aponeurosis. 


Direction of Fibers: Obliquely upward and medially, 
but more upward than the anterior fibers. 


Action: Acting bilaterally, the lateral fibers flex the ver- 
tebral column (approximating the thorax and pelvis an- 
teriorly) and depress the thorax. Acting unilaterally with 
the lateral fibers of the external oblique on the same 
side, these fibers of the internal oblique laterally flex the 
vertebral column, approximating the thorax and pelvis. 
These fibers also act with the external oblique on the op- 
posite side to rotate the vertebral column. 


Nerves to Anterior and Lateral Fibers: T7, 8,19-11 
LI, iliohypogastric and ilioinguinal, ventral rami. 
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TRANSVERSUS ABDOMINIS 






Arcuate 
line 


Fascia 





transversalis + 


Rectus 
abdominis 





Origin: Inner surfaces of cartilages of the lower six ribs, 
interdigitating with the diaphragm; thoracolumbar fascia; 
anterior’ / 4 of internal lip of the iliac crest; and lateral '/? 
of the inguinal ligament. 


Insertion: Linea alba by means of a broad aponeurosis, 
pubic crest, and pecten pubis. 


Direction of Fibers: Transverse (horizontal). 


Action: Acts likes a girdle to flatten the abdominal wall 
and compress the abdominal viscera; upper portion helps 
to decrease the infrastemal angle of the ribs, as in expi- 
ration. This muscle has no action in lateral trunk flexion, 
except that it acts to compress the viscera and to stabi- 
lize the linea alba, permitting better action by the an- 
terolateral trunk muscles. 


Nerve: T7-12, LI iliohypogastric and ilioinguinal, ven- 
tral divisions. 


Weakness: Permits a bulging of the anterior abdominal 
wall, which indirectly tends to increase lordosis. (See 
accompanying photograph.) During flexion in the supine 
position and hyperextension of the trunk in the prone po- 
sition, a lateral bulge tends to occur if the transversus 
abdominis is weak. 
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EXTERNAL AND INTERNAL OBLIQUES: 
WEAKNESS AND SHORTNESS 


Anterior 
— fibers — 







Lateral 
— fibers 


External Oblique 


Weakness: Moderate or marked weakness of both the 
external and internal obliques decreases both respiratory 
efficiency and support of the abdominal viscera. 

Bilateral weakness of external obliques decreases 
the ability to flex the vertebral column and tilt the pelvis 
posteriorly. In standing, it results in either anterior pelvic 
tilt or anterior deviation of the pelvis in relation to the 
thorax and lower extremities. (See p. 71.) 

Bilateral weakness of the internal obliques decreases 
the ability to flex the vertebral column. 

Cross-sectional weakness of the external oblique on 
one side and of the internal oblique on the other allows 
separation of the costal margin from the opposite iliac 
crest, resulting in rotation and lateral deviation of the 
vertebral column. With weakness of the right external 
and left internal obliques (as seen in a right thoracic, left 
lumbar scoliosis), there is a separation of the right costal 
margin from the left iliac crest. The thorax deviates to- 
ward the right and rotates posteriorly on the right. With 
weakness of the left external and right internal obliques, 
the reverse occurs. 


Unilateral weakness of lateral fibers of the external 
and internal obliques on the same side allows separation 
of the thorax and the iliac crest laterally, resulting in a 
C-curve that is convex toward the side of weakness. 
Weakness of the lateral fibers of the left external and in- 
ternal obliques gives rise to a left C-curve. 












Lateral 
fibers —— 


Anterior 
fibers 


Internal Oblique 


Shortness: Bilateral shortness of anterior fibers of the 
external and internal oblique muscles causes the thorax 
to be depressed anteriorly, contributing to flexion of the 
vertebral column. In standing, this is seen as a tendency 
toward kyphosis and depressed chest. In a kyphotic-lor- 
dotic posture, the lateral portions of the internal oblique 
are shortened, and the lateral portions of the external 
oblique are elongated. These same findings occur in a 
sway-back posture with anterior deviation of the pelvis 
and posterior deviation of the thorax. 


Cross-sectional shortness of the external oblique on 
one side and of the internal oblique on the other causes 
rotation and lateral deviation of the vertebral column. 
Shortness of the left external and right internal obliques 
(as seen in advanced cases of right thoracic, left lumbar 
scoliosis) causes rotation of the thorax forward on the 
left. 


Unilateral shortness of lateral fibers of the external 
and internal obliques on same side causes approximation 
of the iliac crest and thorax laterally, resulting in a C- 
curve that is convex toward the opposite side. Shortness 
of the lateral fibers of the right internal and extemal 
obliques may be seen in a left C-curve. 
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DIVISIONS OF ABDOMINAL MUSCLES 





queror view or abdomen showing Anterior view showing left and right Posterior view showing posterior fibers 
division of right external oblique into a, portions (L. R. and R. В) of rectus pos UE. 
b. and c portions and left internal abdominis, and left and right portions 
oblique into a', b', and c' portions. УОТУ ап. RS ТЖ о не 
abdominis. 


)€c€«ccec... 





Lateral view of left internal oblique 


Lateral view of left external oblique 
showing a', b*. and c' portions, 


Posterior view showing posterior fibers 
of left internal oblique, a. and right showing a. b. and c portions. 


external oblique c. 
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DIFFERENTIATING ACTIONS OF THE 
UPPER AND LOWER ABDOMINALS 


The terms upper and lower differentiate two important 
strength tests for the abdominal muscles. More often 
than not, there is a difference between the grades of 
strength attributed to the upper abdominals compared to 
those attributed to the lower abdominals. 

If the same muscles entered into both tests and the 
difference in strength resulted from a difference in the 
difficulty of the tests, there should be a fairly constant 
ratio between the two measurements. 

In order of frequency, the following combinations 
of strength and weakness are found: 


1. Upper strong and lower weak. 
2. Upper and lower both weak. 


3. Upper and lower both strong. 
4. Lower strong and upper weak. 


The difference in strength may be remarkable. A 
subject who can perform as many as 50 or more curled- 
trunk sit-ups may grade less than fair on the leg-lowering 
test. This same subject can increase the strength of the 
lower abdominals to normal by doing exercises specifi- 
cally localized to the external oblique. 

Because the oblique abdominal muscles are essen- 
tially fan-shaped, one part of a muscle may function in 
a somewhat different role than another part of the same 
muscle. Knowledge of the attachments and the line of 
pull of the fibers, along with clinical observations of pa- 
tients with marked weakness and those with good 





strength, leads to conclusions regarding the action of 
muscles or segments of abdominal muscles. 

The rectus abdominis enters into both tests. There is 
a distinct difference, however, between action of the in- 
ternal oblique and that of the external oblique as exhib- 
ited by the two tests. 

When analyzing which muscles or parts of muscles 
enter into the various tests, it is necessary to observe the 
movements that take place and the line of pull of the 
muscles that enter into the movement. 

As trunk flexion is initiated by slowly raising the 
head and shoulders from a supine position, the chest is 
depressed, and the thorax is pulled toward the pelvis. Si- 
multaneously, the pelvis tilts posteriorly. These move- 
ments obviously result from action of the rectus 
abdominis muscle. (See figure below.) 

Along with depression of the chest, the ribs flare 
outward, and the infrasternal angle is increased. These 
movements are compatible with the action of the inter- 
nal oblique. 

No test movement can cause an approximation of 
parts to which the lower transverse fibers of the internal 
oblique are attached, because these fibers extend across 
the lower abdomen from ilium to ilium like the lower 
fibers of the transversus abdominis. In posterior pelvic 
tilt and in trunk-raising movements, however, this pan of 
the internal oblique will act with the transversus to com- 
press the lower abdomen. 

Electromyographic studies may confirm or modify 
the conclusions drawn from clinical observations. 


Rectus abdominis 


| SN | Internal oblique 
| lateral fibers 
кылг —— 
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As the trunk curl is completed and the movement en- 
ters the hip flexion phase, one will observe that the rib 
cage, which had flared outward, is now being pulled 
inward and that the infrasternal angle decreases. The 
anterior fibers of the external oblique now come into 
play. 

If the internal oblique and rectus are strong (as in- 
dicated by the ability to perform numerous curled-trunk 
sit-ups), and if part of the external oblique is also brought 
into action during this movement, where is the weakness 
that accounts for the marked difference in the test results 
of the upper and lower abdominals? 

The posterolateral fibers of the external oblique are 
elongated as the thoracic spine flexes during the trunk 
curl. (See figure below.) These fibers of the external 


DIFFERENTIATING ACTIONS OF THE 
UPPER AND LOWER ABDOMINALS 


oblique help to draw the posterior rib cage toward the 
anterior iliac crest, and in so doing, they tend to extend, 
not to flex, the thoracic spine. The photographs on page 
71 indicate the line of pull of the posterolateral fibers of 
the external oblique in good alignment and the elonga- 
tion of these fibers in faulty positions. 

The action of the external oblique may also be ob- 
served in cases of scoliosis with muscle imbalance be- 
tween the right and left external oblique muscles. It is 
not uncommon to observe that flexion of the spine may 
begin with a rather symmetrical pull; however, as the ef- 
fort is made to raise the trunk in flexion toward the 
thighs, there will be forward rotation of the thorax with 
extension of the thoracic spine on the side of the stronger 


external oblique. 











With the trunk held in flexion during the hip flexion 
phase of trunk raising, the rectus abdominis, anterior 
fibers of the external oblique, and upper anterior and lat- 
eral fibers of the internal oblique shorten. In contrast, the 
posterolateral fibers of the external oblique, elongate. 
This helps explain why an individual may be able to per- 
form many sits-ups but fail the leg-lowering test. 





This photograph shows a subject with strong external 
oblique muscles doing a sit-up with the trunk held 
straight and the lower abdomen pulled upward and in- 
ward. This is in sharp contrast to a curled-trunk sit-up, 
as shown in the illustration on left, or to an arched-back 
sit-up, as shown at bottom of page 204. 
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UPPER ABDOMINAL MUSCLES: 
TEST AND GRADING 


ANALYSIS OF THE TRUNK-RAISING 
MOVEMENT 


Before doing this test, examine the flexibility of the 
back so that any restriction of motion is not interpreted 
as muscle weakness. 

The trunk-raising movement, when properly done as 
a test, consists of two parts: spine flexion (i.e., trunk 
curl) by the abdominal muscles and hip flexion (i.e., sit- 
up) by the hip flexors. 

During the trunk-curl phase, the abdominal muscles 
contract and shorten, flexing the spine. The upper back 
rounds, the lower back flattens, and the pelvis tilts pos- 
teriorly. On completion of the curl, the spine is fully 
flexed, with the low back and pelvis still flat on the 
table. The abdominal muscles act to flex the spine only. 
During this phase, the heels should remain in contact 
with the table. 

The trunk curl is followed by the hip flexion phase, 
during which the hip flexors contract and shorten, lifting 
the trunk and pelvis up from the table by flexion at the 
hip joints and pulling the pelvis in the direction of ante- 
rior tilt Because the abdominal muscles do not cross the 
hip joints, they cannot assist with the sit-up movement 
If the abdominal muscles are strong enough, however, 
they can continue to hold the trunk curled. 

The hip flexion phase is included in this test because 
it provides resistance against the abdominal muscles. The 
crucial point in the test is the moment at which the hip 
flexion phase is initiated. At this point, the feet of some 
subjects may start to come up from the table. The feet 
may be held down if the force exerted by the extended 
lower extremities does not counterbalance that exerted by 
the flexed trunk. However, ifthe feet are held down, at- 
tention must be focused on whether the trunk maintains 
the curl because at this point, the strength of the hip 
flexors can overcome the ability of the abdominals to 
maintain the curl. If this occurs, the pelvis will quickly 
tilt anteriorly, the back will arch, and the subject will 
continue the sit-up movement with the feet stabilized. 

The trunk-raising test for the upper abdominal mus- 
cles is valuable when performed correctly. However, if 
the ability to perform a sit-up—regardless of how it is 
done—is equated with good abdominal strength, this 
test loses its value. (See facing page and p. 104.) 

During a curled-trunk sit-up with the legs extended, 
the pelvis first tilts posteriorly, accompanied by 









flattening of the low back and extension of the hip 
joints. After the trunk-curl phase is completed, the 
pelvis tilts anteriorly (i.e., forward), toward the thigh, 
in hip flexion, but it remains in posterior tilt in relation 
to the trunk, maintaining the flat-back position (see 
Figures C and 1), р. 191). 

During a sit-up with the low back arched, the pelvis 
tilts anteriorly, toward the thigh, as the sit-up begins, and 
it remains tilted anteriorly. 


TEST FOR UPPER ABDOMINAL 
MUSCLES 


Patient: Supine, with legs extended. If the hip flexor 
muscles are short and prevent posterior pelvic tilt with 
flattening of the lumbar spine, place a roll under the 
knees to passively flex the hips enough to allow the back 
to flatten. (Arm positions are described below under 
Grading.) 


Fixation: None necessary during the initial phase of the 
test (i.e., trunk curl), in which the spine is flexed and the 
thorax and pelvis are approximated. Do not hold the feet 
down during the trunk-curl phase. Stabilization of the 
feet will allow hip flexors to initiate trunk raising by 
flexion ofthe pelvis on the thighs. 


Test Movement: Have the subject do a trunk curl slowly, 
completing spine flexion and, thereby, the range of mo- 
tion that can be performed by the abdominal muscles. 
Without interrupting the movement, have the subject 
continue into the hip flexion phase (i.e., the sit-up) to 
obtain strong resistance against the abdominal muscles 
and, thereby, an adequate strength test. 


Resistance: During the trunk-curl phase, resistance is 
offered by the weight of the head and upper trunk, and 
by the arms placed in various positions. However, the re- 
sistance offered by the weight of the head, shoulders and 
arms is not sufficient to provide an adequate test for 
strength of the abdominal muscles. 

The hip flexion phase provides strong resistance 
against the abdominals. The hip flexors pull strongly 
downward on the pelvis as the abdominals work to hold 
the trunk in flexion and the pelvis in the direction of 
posterior tilt. (See facing page.) 


Grading: See facing page. 
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UPPER ABDOMINAL MUSCLES: 
TESTING AND GRADING 
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Normal (10) Grade:* With the hands clasped behind 
the head, the subject is able to flex the vertebral column 
(top figure) and keep it flexed while entering the hip 
flexion phase and coming to a sitting position (bottom 
figure). The feet may be held down during the hip flex- 
ion phase, if necessary, but close observation is required 
to be sure that the subject maintains the flexion of the 
trunk. 

Because many people can do a curled-trunk sit-up 
with hands clasped behind the head, it is usually permis- 
sible to have a subject place the hands in this position (ini- 
tially) and attempt to perform the test. If the difficulty of 
this test is a concern, have the subject start with the arms 
reaching forward, progress to placing arms folded across 
the chest, and then place the hands behind the head. 


*See numerical equivalents for word symbols used in The Key to Mus- 
cle Grading on p. 23. 





Good (8) Grade: With the arms folded across the chest, 
the subject is able to flex the vertebral column and keep 
it flexed while entering the hip flexion phase and com- 
ing to a sitting position. The strongest force against the 
abdominals is at the moment the hip flexors start to raise 
the trunk. Performing only the trunk curl is not sufficient 
for strength testing. 





Fair (6) Grade: With the arms extended forward, the 
subject is able to flex the vertebral column and keep it 
flexed while entering the hip flexion phase and coming 
to a sitting position. 


Fair (5) Grade: With the arms extended forward, the 
subject is able to flex the vertebral column but is unable 
to maintain the flexion when attempting to enter the hip 
flexion phase. 

See p. 217 for tests and grades in cases of marked 
weakness of the anterior trunk muscles. 


ABDOMINAL MUSCLE WEAKNESS: 
TRUNK RAISING 
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When the abdominal muscles are too weak to curl the feet are held down from the start Usually, these subjects 
trunk, the hip flexors tilt the pelvis forward and hyper- have marked weakness of the abdominal muscles. They 
extend the low back as they raise the trunk to a sitting should practice the trunk curl only and avoid doing the 
position. Some people cannot perform a sit-up unless the sit-up in the manner illustrated here. 
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DOMINAL AND HIP FLEXOR 


IMBALANCE 


STRONG ABDOMINALS, PARALYZED HIP FLEXORS 
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A subject with strong abdominal muscles and paralyzed 
hip flexor muscles can perform only the trunk curl. Flex- 
ing the trunk toward the thighs (i.e., hip joint flexion) re- 
quires action by muscles that cross the hip joint (1.е., the 
hip flexors). Because the abdominal muscles do not cross 
the hip joint, they cannot assist in the movement. 

It does not matter whether the legs are extended or 
flexed or even held down, because no flexion can occur 
at the hip joints in the absence of hip flexors. 








It may be noted that the subject does not raise the 
trunk as high from the table with legs flexed as with legs 
extended. The pelvis moves more freely in posterior tilt 
with the legs flexed. As the abdominal muscles shorten, 
both the pelvis and the thorax move, with the result that 
the thorax is not raised as high from the table as would 
occur if the pelvis were stabilized by the legs being in 
extension. (Leg braces were left on for photos in order 
to stabilize legs in knee-bent position.) 





STRONG HIP FLEXORS, WEAK ABDOMINALS 





Sit-up with low back arched (with legs extended or flexed) 
occurs when the abdominal muscles are very weak. The 
movement consists of flexion of the hip joints by action 
of the hip flexors, accompanied by hyperextension of the 





low back (i.e., lordosis). With strong hip flexors, the en- 
tire trunk-raising movement can be performed. (Compare 
with the photographs above, in which no hip joint flexion 
occurs in the absence of hip flexors.) 


For many years, sit-ups were done most frequently with 
the legs extended. More recently emphasis has been 
placed on doing the exercise in the knee-bent position, 
which automatically flexes the hips in the supine posi- 
tion. Whether performed with legs straight or bent, the 
sit-up is a strong hip flexor exercise; the difference be- 
tween the two leg positions is in the arc of hip joint mo- 
tion through which the hip flexors act. With the legs ex- 
tended, the hip flexors act through an arc from zero to 
approximately 80°. With the hips and knees flexed, the 
hip flexors act through an arc from approximately 50° 
(i.e., the starting position) to 125°, a total range of mo- 
tion of approximately 75°. 

Ironically, the knee-bent sit-up has been advocated 
as a means of minimizing action of the hip flexors. For 
many years, the idea has persisted, both among profes- 
sionals and laypeople, that having the hips and knees 
bent in the back-lying position would put the hip flexors 
"on a slack" and eliminate action of the hip flexors while 
doing a sit-up, and that in this position the sit-up would 
be performed by the abdominal muscles. These ideas are 
not based on facts; they are false and misleading. The 
abdominal muscles can only curl the trunk. They cannot 
perform the hip flexion part (i.e., the major part) of the 
trunk-raising movement. (See illustrations on the facing 
page.) Furthermore, the iliacus is a one-joint muscle that 
is expected to complete the movement of hip flexion and, 
as such, is not put on a slack. The two-joint rectus femoris 
is also not put on a slack, because it is lengthened over 
the knee joint while shortened over the hip joint. 

If the hip flexors are not short, an individual, when 
starting the trunk-raising movement with legs extended, 
will curl the trunk, and the low back will flatten before the 





hip flexion phase begins. The danger of hyperextension 
will occur only if the abdominals are too weak to maintain 
the curl—a reason not to continue into the sit-up. 

The real problem in doing sit-ups with the legs ex- 
tended compared to the apparent advantage of flexing 
the hips and knees stems from dealing with many sub- 
jects who have short hip flexors. In the supine position, 
a person with short hip flexors will lie with the low 
back hyperextended (i.e., arched forward). The hazard 
of doing sit-ups from this position is that the hip flexors 
will further hyperextend the low back, causing a stress 
on that area while doing the exercise, and will increase 
the tendency toward a lordotic posture in standing. The 
knee-bent position, however, releases the downward pull 
by the short hip flexors, allowing the pelvis to tilt pos- 
teriorly and the low back to flatten, thereby relieving 
strain on the low back. 


Instead of recognizing and treating the problem of 
the short hip flexors, the "solution" has been to "give in" 
to them by flexing the hips and knees. Problems arise 
from this solution, however. The same hazard of coming 
up with the low back hyperextended can occur with the 
knees bent, and it does occur when the abdominal mus- 
cles are too weak to curl the trunk. (See p. 204.) In trying 
to come up, the subject requires more pressure than usual 
to hold the feet down, or more extension of the legs, or is 
aided by performing the movement quickly with added 
momentum. Sometimes it is advocated—inadvisably— 
that the arms be placed overhead and brought quickly for- 
ward to help in performing the sit-up. This added mo- 
mentum enables the subject to do the sit-up, but the low 
back is hyperextended, causing strain on the abdominal 
muscles as well as stress on the low back. 
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INDICATIONS AND CONTRAINDICATIONS 





This subject, with arms in a JO or normal-grade test po- 
sition and knees flexed, can flex the vertebral column 
but cannot raise the trunk any higher from the table than 
illustrated. 





With the feet held down, the subject immediately begins 
the hip flexion phase and can continue to a full sitting 
position, as seen in the series of photographs of this 
same individual on p. 204. 





The subject is making an effort to sit up with the arms 
in an easy test position and the feet not held down. It is 
obvious that the subject goes immediately into the hip 
flexion phase. Legs tend to extend in an effort to move 
the center of gravity of the lower extremities more dis- 
tally and offset the force exerted by the trunk. These 
same problems exist with respect to stabilization of the 
feet whether the knees are extended or flexed. 
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The ability to do a curled-trunk sit-up should be con- 
sidered a normal accomplishment. People should be 
able to get up easily from a supine position without 
having to roll over on the side or push themselves up 
with their arms. When there is weakness in either or 
both of the muscle groups involved in a curled-trunk sit- 
up (i.e., abdominal and hip flexor muscles) efforts 
should be made to correct the weakness and restore the 
ability to perform the movement correctly. Hip flexors 
may exhibit some weakness associated with postural 
problems, but rarely does this occur to the degree that 
it interferes with performing the sit-up (i.e., hip flexion) 
movement. The problem in performing the trunk curl 
results from weakness of the abdominal muscles. Using 
the sit-up exercise to correct the abdominal weakness is 
a mistake because, when marked weakness exists, the 
hip flexors initiate and perform the movement with the 
low back hyperextended. 

The sit-up is a strong hip flexor exercise whether 
the knees are bent or the legs are extended. The hip joint 
moves to completion of hip joint flexion with hips and 
knees bent, making this type of sit-up more conducive 
to the development of shortness in the iliopsoas than a 
sit-up with the knees and hips extended. 

Normal flexibility of the back is a desirable fea- 
ture, but excessive flexibility is not. The hazards of the 
knee-bent sit-up also relate to the danger of hyperflex- 
ion of the trunk (i.e., the spine curving convexly back- 
ward). With the body in the anatomical position or 
supine with the legs extended, the center of gravity is 
slightly anterior to the first or second sacral segment. 
With the hips and knees bent, the center of gravity 
moves cranially (i.e., toward the head). The lower ex- 
tremities exert less force in counterbalancing the trunk 
during a sit-up with the hips and knees bent than dur- 
ing a sit-up with the legs extended. Two alternatives ex- 
ist for accomplishing the sit-up from this knee-bent po- 
sition: Outside pressure must be exerted to hold the 
feet down (more than is required for those few who 
need it with the legs extended), or the trunk must curl 
excessively to move the center of gravity downward. 
This excessive flexion is portrayed as an exaggerated 
thoracic curve (i.e., marked rounding of the upper 
back), as abnormal flexion involving the thoracolum- 
bar area (i.e., roundness extending into the low back 
area), or both. Abnormal flexion involving the thora- 
columbar area is accentuated when the knee-bent sit-up 
is done without the feet being held down and with the 
heels placed close to the buttocks. 








SIT-UP EXERCISES 





EFFECT OF HOLDING FEET 
DOWN DURING TRUNK 
RAISING FORWARD 


The center of gravity of the body generally is given as 
approximately the level of the first sacral segment, and 
this point is above the hip joint If V2 the body weight is 
above the center of gravity, then more than V2 the body 
weight is above the hip joint. (Basmajian states that the 
lower extremities constitute approximately V3 of the 
body weight [5].) For most people, this means that the 
force exerted by the trunk in the supine position is greater 
than the force exerted by both lower extremities. Usu- 
ally, double-leg raising with the knees straight can be 
initiated without overbalancing the weight of the trunk 
in the supine position. Seldom, however, can the straight 
or hyperextended trunk (see facing page) be raised from 
the supine position toward a sitting position without 
some outside force being applied (e.g., pressure down- 
ward on the feet) in addition to that exerted by the ex- 
tended extremities. 


On the other hand, if the trunk curls sufficiently as 
the trunk raising is started, the center of gravity of the 
body moves downward, toward or below the hip joints. 
As this occurs, the curled trunk can be raised in flexion 
toward the thighs without the feet needing to be held 
down. Most adolescents (especially those with long legs 
in relation to the trunk) and most women can perform a 
sit-up with legs extended and without the feet being held 
down. In contrast, many men need to have some added 
force (usually very little) applied at the point where the 
trunk curl is completed and the hip flexion phase begins. 

For the curled-trunk sit-up to be used as a test of ab- 
dominal muscle strength, it must be made certain that 


the ability to curl the trunk is actually being measured. 
The trunk curl must precede the hip flexion phase in the 
trunk-raising movement. When the feet are not hdd 
down, the pelvis tilts posteriorly as die head and shoul- 
ders are raised in initiating the trunk curl. With the feet 
held down, the hip flexors are given fixation, and the 
trunk raising can immediately become an arched-bad 
sit-up with flexion at the hip joints. Hence, to help en- 
sure that the test determines the ability to curl the mink 
before the hip flexion phase begins, the feet must not be 
held down during the trunk flexion phase. 


The question is frequently asked whether holding 
the feet down causes any problem if abdominal strength 
is normal. It might not if the subject is performing only 
a few sit-ups, but it might if many repetitions are being 
performed. One or two curled-trunk sit-ups, properly 
done, determines normal strength; it does not determine 
endurance. An individual may grade normal and per- 
form several sit-ups properly. With repeated sit-ups. 
however, die abdominal muscles may fatigue, and this 
same individual may "slip into" doing an arched-back 
sit-up. This situation arises frequently, because abdom- 
inal muscles do not have the endurance exhibited by the 
hip flexors. 

The transition to an arched-back sit-up could—and 
would—go undetected if the feet were held down fran 
the beginning of the sit-up. If the feet were not hed 
down during the initial spine flexion phase, however, the 
inability to curl the trunk would become obvious as fa- 
tigue sets in. An individual might be able to do as many 
as 100 sit-ups with the feet held down, yet no more than 
5 sit-ups without the feet held down. This would indi- 
cate that the trunk-raising became an arched-back sit-up 
after the first five. 





An individual with marked abdominal muscle weakness 
who, with arms in a relatively easy (grade of 6 or fair) 
test position, is unable to flex the lumbar spine and com- 
plete the sit-up when the feet are not held down. 


The same individual shown in Figure A who, with ams 
in a 10 or normal-grade test position, is able to paform 
the sit-up by hip flexor action because the feet are hdd 
down. As a test, this only measures hip flexor strength. 
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To strengthen the abdominal muscles that show weak- 
ness on the trunk-curl test, it is desirable, in most in- 
stances, to have the subject perform only the trunk-curl 
part of the movement. This provides the advantage of 
abdominal muscle exercise without strong hip flexor ex- 
ercise. In addition, according to Nachemson and Elfstron, 
less intradiscal pressure occurs when doing only the trunk 
curl as compared to completing the sit-up (6). 
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THERAPEUTIC EXERCISES: TRUNK CURL 


When the subject can perform the trunk curl to com- 
pletion of spine flexion, the resistance may be increased 
by folding the forearms across the chest and completing 
the curl. Later, more resistance can be added by placing 
the hands behind the head and completing the curl. At 
each stage, work to achieve some endurance (i.e., com- 
pletion of curl, holding it for several seconds and re- 
peating approximately 10 times). 


Abdominal Exercise, Trunk Curl: In the back-lying 
position, place a small roll under the knees. Tilt the 
pelvis to flatten the lower back on the table by pulling 
upward and inward with the muscles of the lower ab- 
domen. With arms extended forward, raise the head and 
shoulders from the table. Raise the upper trunk as high 
as the back will bend, but do not try to come to a sitting 
position. 


Abdominal Exercise, Assisted Trunk Curl: If the ab- 
dominal muscles are very weak and the subject cannot 
lift the shoulders from the table, modify the above exer- 
cise by placing a wedge-shaped pillow (or the equiva- 
lent) under the head and shoulders. This position enables 
the subject to exercise within a short range of motion. 
As the ability to hold the completed curl improves, use 
a smaller pillow and have the subject flex to completion 
of the curl. 


Abdominal Exercise, Short Hip Flexors: When the hip 
flexor muscles are short and restrict the posterior pelvic 
tilt, modify the above trunk curl exercise by temporarily 
placing a pillow under the knees to passively flex the 
hips, as illustrated. 
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ABDOMINAL MUSCLES DURING 
LEG LOWERING 





DEFINITIONS AND DESCRIPTIONS 


Double-leg raising from a supine position is flexion of 
the hips with the knees extended. With the knee exten- 
sors holding the knees straight, the hip flexors raise the 
legs upward. No abdominal muscles cross the hip joints, 
so these muscles cannot assist directly in the leg-raising 
movement. The role of the hip flexors is made very clear 
by observing the loss of function when they are para- 
lyzed, as seen in the drawing below. 


To perform the double-leg-raising movement from a 
supine position, the pelvis must be stabilized in some 
manner. The abdominal muscles cannot enter directly 
into the leg-raising movement, but the strength or weak- 
ness of these muscles directly affects the trunk position 
and how the pelvis is stabilized. Leg raising through hip 
flexor action exerts a strong pull downward on the pelvis 
in the direction of tilting it anteriorly. The abdominal 
muscles pull upward on the pelvis, in the direction of 
tilting it posteriorly. 


——. 
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A subject with strong abdominal muscles and very weak or paralyzed hip flexors 
cannot lift the legs upward from a supine position. In attempting to raise the legs, 
the only active movement that occurs is that the pelvis is drawn forcefully into pos- 
terior tilt. Passively, the thighs may be raised slightly from the table secondary to 
tilting of the pelvis, as illustrated above, or they may remain flat on the table if the 
anterior hip joint structures are relaxed. 





If the subject has strong abdominal muscles, the back can be held flat on the table by 
the abdominals holding the pelvis in posterior tilt during the leg-raising movement. 





If the abdominal muscles are weak, the pelvis tilts anteriorly as the legs are lifted. 
As this tilt occurs, the back hyperextends, often causing pain, and the weak ab- 
dominal muscles are put on a stretch and are vulnerable to strain. 
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ABDOMINAL MUSCLES DURING 
LEG LOWERING 


ACTIONS 

a 4 7 1 rections of pull are the rectus abdominis, the lateral 
When discussing the actions of the abdominal muscles, fibers of the external oblique, and the hip extensors. 
it should be recognized that various segments of the ab- These muscles may act to tilt the pelvis posteriorly 
dominal musculature are closely allied and interdepend- whether the subject is standing erect or lying supine. In 
ent. The external oblique, however, is essentially fan- the supine position, however, during double-leg lower- 
shaped, and different segments may have different ing, the hip extensors are not in a position to assist in 
actions. The pelvis can be tilted posteriorly by an up- maintaining flexion of the lumbar spine and posterior 
ward pull on the pubis, by an oblique pull in an upward pelvic tilt. Consequently, the rectus abdominis and ex- 
and posterior direction Ge the anterior iliac crest; or by ternal oblique muscles assume the major role in main- 
a downward pull posteriorly on the ischium. The mus- taining the position of the low back and pelvis during 


cles (or parts of muscles) that are aligned in these di- the leg-lowering movement. 





The lateral fibers of the external oblique act to tilt the pelvis posteriorly, and they 
may do so with little or no assistance from the rectus abdominis. The subject's arms 


are placed overhead to expose the drawings on the abdomen. (For arm position dur- 


testing of the lower abdomina see pp. 2 








Action by the rectus abdominis and external oblique is required to maintain the pelvis 
in posterior tilt and the low back flat on the table as the legs are raised or lowered. 










LOWER ABDOMINAL MUSCLES: 
TESTING AND GRADING 


ANTERIOR TRUNK FLEXORS: 
LOWER ABDOMINAL MUSCLE TEST 


Anterior trunk flexion by the lower abdominal muscles 
focuses on the ability of these muscles to flex the lum- 
bar spine by flattening the low back on the table and 
then holding it flat against the gradually increasing re- 
sistance provided by the leg-lowering movement. 


Patient: Supine on a firm surface. A folded blanket may 
be used, but not a soft pad. Forearms are folded across 
the chest to ensure that the elbows are not resting on the 
table for support. 





Note: Avoid extending the arms overhead or clasp- 
ing the hands behind the head. 


Fixation: No fixation should be applied to the trunk, be- 
cause this test determines the ability of the abdominal 
muscles to fix the pelvis in approximation to the thorax 
against resistance provided by the leg-lowering move- 
ment Giving stabilization to the trunk would be giving 
assistance. Allowing the patient to hold onto the table, 
or to rest the hands or elbows on the table, would also 
be providing assistance. 


Test Movement: The examiner assists the patient in 
raising the legs to a vertical position, or the examiner 
has the patient raise the legs one at a time to that posi- 
tion, keeping the knees straight. (Hamstring tightness 
will interfere with obtaining the full starting position.) 

Have the subject tilt the pelvis posteriorly to flatten 
the low back on the table by contracting the abdominal 
muscles and then hold the low back flat while slowly 
lowering the legs. Focus attention on the position of the 
low back and pelvis as the legs are lowered. The sub- 
ject should not raise the head and shoulders during the 
test. 


Resistance: The force exerted by the hip flexors and the 
leg-lowering movement tends to tilt the pelvis anteriorly 
and acts as a strong resistance against the abdominal 
muscles, which are attempting to hold the pelvis in 






posterior tilt As the legs are lowered by the eccentric 
(i.e., lengthening) contraction of the hip flexors, lever- 
age increases and provides increasing resistance against 
the abdominal muscles for the purpose of grading the 
strength of these muscles. 


Grading: Strength is graded based on the ability to keep 
the low back flat on the table while slowly lowering both 
legs from the vertical position (i.e., 90° angle). 

The angle between the extended legs and the table 
is noted at the moment that the pelvis tilts anteriorly and 
the low back arches from the table. To help detect the 
moment when this occurs, the examiner may place one 
hand at—but not under—the low back and the other 
hand with the thumb just below the anterosuperior spine 
of the ilium. When testing patients with weakness or 
pain, however, place the thumb of one hand just below 
the anterosuperior spine, and leave the other hand бее 
to support the legs the moment the back starts to arch. 

The leg-lowering test for abdominal strength is not 
applicable to very young children. The weight of their 
legs is small in relation to the trunk, and the back does 
not arch as the legs are raised or lowered. Furthermore, 
at the age of 6 or 7 years, when the test would have 
some significance, it is not easy for a child to differ- 
entiate the actions of various muscles and try to hold 
the back flat while lowering the legs. From approxi- 
mately 8 or 10 years of age, it is possible to use the test 
for many children. As adolescence approaches and the 
legs grow long in relation to the trunk, the picture re- 
verses from that of early childhood, and the leverage 
exerted by the legs as they are lowered is greater in re- 
lation to the trunk. At this age, grades of fair or good- 
on the leg-lowering tests should be considered as "nor- 
mal for age" for many children, especially those who 
have grown tall very quickly. After 14 to 16 years of 
age, males should grade normal, and females should 
grade good. Because of the distribution of body weight, 
men have an advantage in the leg-lowering test and 
women in the trunk-raising test. Staniszewski, et al., 
found the leg lowering test to be reliable and valid for 
adults (7). 
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LOWER ABDOMINAL MUSCLES- 
TESTING AND GRADING ' 








See the numerical equivalents for word symbols used in Fair+ (6) Grade: With arms folded across the chest, the 
The Key to Muscle Grading on page 23. subject is able to keep the low back flat on the table 
while lowering the legs to an angle of 60° from the table. 





Good (8) Grade: With arms folded across the chest, the subject is able to keep the 
low back flat while lowering the legs to an angle of 30° from the table. (In this 
photograph, the legs are at a 20° angle.) 





Normal (10) Grade: With arms folded across the chest, the subject is able to keep 
the low back flat on the table while lowering the legs to table level. (In this photo- 
graph, the legs are elevated a few degrees.) 






ABDOMINAL MUSCLE WEAKNESS: 


LEG LOWERING 


A subject with marked weakness of abdominal muscles 
and strong hip flexors can hold the extended extremities 
in flexion on the pelvis and lower them slowly, but the 
low back arches increasingly as the legs approach the 
horizontal. The force exerted by the weight of the ex- 
tremities, and by the hip flexors holding the extremities 
in flexion on the pelvis, tilts the pelvis anteriorly, over- 
coming the force of the weak abdominal muscles that 
are attempting to pull in the direction of posterior tilt. 





























Posterior pelvic tilt and leg-sliding exercise done correctly to exercise the external oblique. 


The lower abdomen is pulled upward and inward, and palpate the lateral fibers of the oblique to ensure their 
the pelvis is tilted posteriorly to flatten the low back on action, and to avoid using the gluteus maximus to tilt the 
the table by action of the external oblique (especially the pelvis when doing this exercise. 


posterior lateral fibers). The subject should be taught to 





Pelvic tilt may be done with the rectus abdominis, but it should not be done in this 
manner when attempting to strengthen the external oblique. 


THERAPEUTIC EXERCISES: 
TRUNK ROTATION 


EXTERNAL OBLIQUE STRENGTH 
EXERCISE 


Strong external oblique muscles play an important role 
in maintaining good postural alignment and in prevent- 
ing low back pain. Exercise to strengthen these muscles 
must be specific as illustrated above. Weakness of the 
external oblique is common in persons performing ex- 
cessive sit-up exercises because the posterolateral fibers 
of the external oblique elongate during the trunk curl. 
(See p. 201.) 

The sitting position offers resistance for the exter- 
nal obliques in holding the lower abdomen "up and in" 
and keeping the low back flat. In addition, the rotation 
of the thorax on the pelvis, as illustrated above, requires 
strong unilateral action alternately by the right and left 
external oblique muscles. 





Starting Position: Sit erect in a chair or on a stool, fac- 
ing forward with feet on the floor and legs together. This 
position stabilizes the pelvis. Place hands on top of the 
head to help keep the chest up and the upper back in 
good alignment. 


Exercise: To strengthen the left external oblique, slowly 
rotate the upper trunk toward the right (clockwise), 
holding the position for several seconds. Relax and re- 
turn to midline. To exercise the right external oblique, 
slowly rotate the upper trunk toward the left (counter- 
clockwise), holding the position for several seconds. Re- 
lax and return to midline. 


Note: Exercises may be performed in standing but 
it is more difficult tofix the upper trunk because the 
pelvis rotates toward the same side as the external 
oblique. 


ыыы 


TEMPORARY USE OF THE 
KNEE-BENT POSITION 


When the one-joint hip flexors are short, they hold the 
pelvis in anterior tilt and the low back in hyperexten- 
sion when standing or when supine with the legs ex- 
tended. From this position, it is difficult—if not im- 
possible—to do posterior pelvic tilt exercises to 
strengthen the abdominal muscles. Because the head- 
and shoulder-raising movement involves a simultane- 
ous posterior pelvic tilt, interference occurs with this 
exercise as well. 

As an effort is made to tilt the pelvis, the short hip 
flexors become taut and prevent the movement. To re- 
lease this restraint and make tilting die pelvis easier, the 
knee-bent position has been widely advocated. 

This position obviously gives in to the short, tight 
hip flexors. It also makes it relatively easy to perform 
the tilt, often merely by pressing the feet against the 
table to "rock the pelvis back." With shortness of the hip 
flexors, die hips and knees should be bent, only as much 
as needed, to allow the pelvis to tilt back. This position 


should be maintained passively by using a large-enough 
roll or pillow under the knees. From this position, the 
pelvic tilt and trunk-curl exercises may be done to 
strengthen the abdominal muscles. 

Although bending the hips and knees is initially 
needed and justified, the position should not be contin- 
ued indefinitely. Therefore, the extent and duration of 
modifying the exercise become important. Goals should 
be based on the desired end result, and exercises should 
be directed toward attaining it. A desired end result in 
standing is the ability to maintain good alignment of the 
pelvis with the legs straight (i.e., with the hip joints and 
knee joints in good alignment). Working toward this 
goal in exercise is accomplished by minimizing, and 
then gradually decreasing, the amount of hip flexion that 
is permitted by the knee-bent position. 





Tilting the pelvis posteriorly with the legs extended 
as much as possible moves the pelvis in the direction of 
elongating the hip flexors while strengthening the ab- 
dominals. This movement is not sufficient to stretch the 
hip flexors, but it helps to establish the necessary pattem 
of muscle action when attempting to correct a faulty lor- 
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MARKED ABDOMINAL MUSCLE 


WEAKNESS: TESTING AND GRADING 





dotic posture in standing. Concurrent with proper ab- 
dominal exercise, the hip flexors should be stretched so 
that, in time, the individual will be capable of doing the 
posterior tilt with the legs extended. (See p. 381.) 

Objective grading of the anterolateral abdominal 
muscles is not difficult when strength is fair (i.e., grade 
of 5) or above. Below a strength of fair, it is more diffi- 
cult to grade accurately. The tests and grades described 
here furnish guidelines for grading weak muscles. 

With marked imbalance in the abdominal muscles, 
one must observe deviations of the umbilicus (see pre- 
vious page) and rely on palpation for grading. 

Before doing the tests listed below, it is necessary 
to test the strength of the anterior neck muscles. 


ANTERIOR ABDOMINAL MUSCLES 
(MAINLY RECTUS ABDOMINIS) 


Fair— (4) Grade: In the supine position with knees 
slightly flexed (i.e., rolled towel under the knees), the 
patient is able to tilt the pelvis posteriorly and keep the 
pelvis and thorax approximated as the head is raised 
from the table. 


Poor (2) Grade: In the same position as above, the pa- 
tient is able to tilt the pelvis posteriorly. As the head is 
raised, however, the abdominal muscles cannot hold 
against that resistance anteriorly, and the thorax moves 
away from the pelvis. 


Trace Grade: In the supine position, when the patient 
attempts to depress the chest or tilt the pelvis posteriorly, 
a contraction can be felt in the anterior abdominal mus- 
cles, but no approximation of the pelvis and thorax is 
observed. 


OBLIQUE ABDOMINAL MUSCLES 


Fair— (4) Grade: In the supine position with the ex- 
aminer providing moderate resistance against a diago- 
nally downward pull of the arm, the cross-sectional pull 
of the oblique abdominal muscles will be very firm on 
palpation and will pull the costal margin toward the op- 
posite iliac crest. If the arm is weak, pushing the shoul- 
der forward in a diagonal direction toward the opposite 
hip and holding it against pressure may be substituted 
for the arm movement. 

In the supine position with one leg held straight in 
approximately 60° hip flexion, the examiner applies 
moderate pressure against the thigh in a downward and 
outward direction. The oblique muscles should be strong 
enough to pull the iliac crest toward the opposite costal 
margin. (This test can be used only if hip flexor strength 
is good.) 


Poor (2) Grade: The patient is able to approximate the 
iliac crest toward the opposite costal margin. 


Trace Grade: A contraction can be felt in the oblique 
muscle when the patient makes an effort to pull the 
costal margin toward the opposite iliac crest (i.e., a slight 
lateral shift of the thorax over the pelvis, but with no 
approximation of these parts). 


LATERAL TRUNK MUSCLES 


Fair- (4) Grade: In a side-lying position, firm fixation 
and approximation of the rib cage and iliac crest later- 
ally will be noted during active leg abduction and arm 
adduction against resistance. 


Poor (2) Grade: In the supine position, the patient is 
able to approximate the iliac crest and rib cage laterally 
as an effort is made to elevate the pelvis laterally or 
adduct the arm against resistance. 


Trace Grade: In the supine position, a contraction can 
be felt in the lateral abdominal muscles as an effort is 
made to elevate the pelvis laterally or adduct the arm 
against resistance, but no approximation of the thorax 
and the lateral iliac crest is noted. 


RECORDING GRADES OF 
ABDOMINAL MUSCLE STRENGTH 


Abdominal muscle grades are recorded in two different 
ways. The method chosen depends on the amount of 
strength. 

When strength is fair (i.e., grade of 5) or better in the 
trunk-raising and leg-lowering tests, it is usually suffi- 
cient to grade and record on the basis of these tests. (See 
Figure A.) Intrinsic imbalance between parts of the rec- 
tus or the obliques seldom necessitates grading parts sep- 
arately if these tests show a grade of fair or better. 

When marked weakness or imbalance exists, it is 
necessary to indicate the test findings in relation to spe- 
cific muscles. (See Figure B.) (See p. 199.) 


Leg Lowering 





MARKED ABDOMINAL MUSCLE 
WEAKNESS: TESTING AND GRADING 


ABDOMINAL MUSCLE IMBALANCE 
AND UMBILICUS DEVIATIONS 


With marked weakness and imbalance in the abdominal 
muscles, it is possible, to some degree, to determine the 
extent of the imbalance by observing the deviations of 
the umbilicus. The umbilicus will deviate toward a strong 
segment and away from a weak segment. If, for exam- 
ple, three segments—the left external and the left and 
right internal obliques—are equally strong and the right 
external is markedly weak, the umbilicus will deviate 
decidedly toward the left internal. This happens not be- 
cause the left internal is the strongest, but because it has 
no opposition in the right external. This shows devia- 
tions away from a weak segment. 


On the other hand, deviation may mean that one 
segment is strong and the other three segments are 
weak, and the deviation will be toward the strongest 
segment. In such a case, the relative strengths must be 
determined by palpation and by the extent to which the 
umbilicus deviates during the performance of localized 
test movements. 

At times, the umbilicus deviates not because of ac- 
tive muscle contraction but because of a stretching of 
the muscle. The examiner must be sure that the muscles 
being tested are actively contracting before deviations 
of the umbilicus can be used to indicate strength or 
weakness. 


To obtain true deviations, the abdominal muscles 
should first be in a relaxed position. The knees may be 
bent sufficiently to relax the back flat on the table. Then, 
the patient may be asked to attempt raising the head or 
tilting the pelvis posteriorly (even though the back is al- 
ready flat). If resistive arm and leg movements are used 
in testing, they should begin from this relaxed position 
as well. Movements should be such that they produce 
actual shortening of the muscle. When weakness is very 
apparent, the initial test should be a mild, active move- 
ment, with resistance gradually applied. Note first to 
what extent the muscle can approximate its origin and 
insertion and then how much pressure can be added be- 
fore the pull "breaks" and the muscle begins to stretch. 

An individual unfamiliar with examination of the 
abdominal muscles may find it very difficult to be sure 
of the deviations of the umbilicus. If a tape or cord is 
held transversely and then diagonally over the umbilicus 
as the test movements are performed, the direction of the 





deviation can be determined more readily. The umbili- 
cus may deviate upward or downward from the trans- 
verse tape, showing an uneven pull of the upper and 
lower rectus muscles. If it also shows a deviation from 
the tape held diagonally over the umbilicus, it will ex- 
hibit an imbalance between the obliques. 

Lines made with ink or a skin pencil on the anterior 
iliac crests, the costal margins, just above the pubis, and 
below the sternum also may aid the examiner. As the test 
movement is done, the tape is held from the umbilicus 
to the various marks. Actual shortening or stretching of 
the segments can then be detected as a movement is 
attempted. 


ARM MOVEMENTS IN TESTING 
ABDOMINAL MUSCLES 


Arm movements are performed against resistance or 
held against pressure during abdominal muscle testing, 
because unresisted arm movements do not demand ap- 
preciable action by the trunk muscles for fixation. 

Normally, an upward movement of the arms in the 
forward plane requires fixation by the back muscles, and 
a downward movement in the forward plane requires 
fixation by the abdominal muscles. With abdominal 
weakness, however, fixation for the downward pull or 
push of the arm may be provided by the back muscles. 
For example, if a patient is in a supine position and 
given resistance to a downward pull of both arms, nor- 
mal abdominal muscles will contract to fix the thorax 
firmly toward the pelvis. With extensive abdominal 
weakness, however, the back will arch from the table, 
and the thorax will pull away from the pelvis until it is 
firmly fixed by extension of the thoracic spine. The arch- 
ing of the back stretches the abdominal muscles, which 
may become taut and feel firm on palpation. The exam- 
iner must be careful not to mistake this tautness for the 
firmness that accompanies contraction of the muscles. 

In cross-sectional or diagonal arm movements if the 
abdominal muscles are normal, the external oblique on 
the same side as the arm and the internal oblique on the 
opposite side contract to fix the thorax to the pelvis. 
With cross-sectional weakness in that line of pull, how- 
ever, the opposite oblique muscles may act to give fixa- 
tion. To perform an accurate examination, the examiner 
should understand these substitute actions. 


THE LOW BACK ENIGMA 


The causes of many painful conditions of the low back 
remain obscure. Low back pain, which is one of the 
most common types of pain, continues to puzzle the ex- 
perts. Despite the amount of information now available 
through modern technology, signs and symptoms largely 
are used as the basis for determining conservative (i.e., 
nonsurgical) treatment. Even when these signs and 
symptoms are objective, variation often is found be- 
tween examiners as to the proper interpretation of their 
clinical significance. In many cases, interpretation of 
these signs and symptoms is still not adequate to gen- 
erate a conclusive diagnosis. DeRosa and Porterfield 
state that "at present, identifying with any certainty the 
exact tissues involved in most low back pain is virtually 
impossible" (8). 

The inability to establish a definitive diagnosis has 
contributed to various systems of treatment—supported 
by evidence of success. Treatment may come in various 
forms: bed rest and medication, successful mobilization 
(i.e., manipulation), immediate application of a support 
that provides immobilization, or gentle treatment that 
employs various pain-relieving modalities and proce- 
dures. It is frequently quoted that a high percentage (as 
much as 80%) of cases recover within 2 weeks, with or 
without treatment. In view of these statistics, it is not 
surprising that there is a high success rate, regardless of 
the approach or system of treatment. In the minds of 
those who have been relieved of severe pain, however, 
there is no doubt that treatment has helped. 


Regardless of the approach to treatment, in the lit- 
erature there are numerous references to the need for 
postural correction. Sometimes immediate care involves 
correction of alignment, but lasting correction and pre- 
vention of future problems are even more important as- 
pects of care. This is the area of treatment with which 
this text is primarily concerned. 

Correction of postural faults involves examination 
of alignment and tests for muscle length and strength. 
Preservation of good alignment depends on establishing 
and maintaining good muscle balance. This was the ba- 
sic thesis as stated by the original authors of this text in 
the pamphlet Study and Treatment of Muscle Imbalance 
in Cases of Low Back and Sciatic Pain (1936) and in 
Posture and Pain (1952) (9,10). 

The mechanics of the low back are inseparable from 
that of the overall posture, but especially from that of 
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the pelvis and the lower extremities. As a result, evalu- 
ation of faulty posture must include examination of the 
entire body. Although symptoms and faults often appear 
in the same area, the faults may not be limited to those 
areas where symptoms appear. Pain manifested in the 
leg, for example, may be caused by an underlying prob- 
lem in the back. A mechanical or functional strain caus- 
ing muscular imbalance in one part of the body may 
soon result in compensatory changes in other parts. 
Conversely, the symptoms appearing in the low back 
may be caused by underlying faulty mechanics of the 
feet, legs or pelvis. 

An imbalance may begin with abdominal muscle 
weakness or strain resulting from surgery or obesity. 
Among women, pregnancy may be the cause. Low back 
pain has often followed childbearing, and patients have 
received complete relief of pain by treatment to strengthen 
the abdominal muscles and correct faulty posture. 

In adults, very few activities require strenuous use 
of the abdominal muscles, but most activities tend to 
strengthen the back muscles. An important factor to con- 
sider as a predisposing cause of back muscle shortening 
and abdominal muscle relaxation is that the erector 
spinae muscles are numerous and short and are attached 
to a strong bony framework. The abdominal muscles, 
however, are long, with strong fascial attachments but 
without a supporting bony framework. In addition, ab- 
dominal muscles bear the strain of the weight of the ab- 
dominal viscera and, for women, of the muscle stretch 
and strain accompanying pregnancy. 

This section focuses on evaluation and treatment 
based on the findings of tests for alignment, range of 
motion, muscle length and muscle strength. It does not 
put labels on most types of painful low back conditions 
other than to name the problems of alignment and mus- 
cle imbalance associated with anterior, posterior and lat- 
eral pelvic tilt. The problems of lower extremity pain are 
those associated with a tight or a stretched tensor fasciae 
latae and iliotibial band; with sciatic pain associated 
with protrusion of a disk; or with a stretched piriformis, 
with pain and weakness in the region of the posterior 
gluteus medius, and with knee and foot problems in 
which faulty alignment and muscle imbalance are im- 
portant factors. (To present the complexities of postural 
alignment, all of Chapter 2 is devoted to this subject, and 
detailed descriptions of the various tests referred to in 
this chapter are found in Chapters 2, 6, and 7.) 
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Conditions addressed in this category include lum- 
bosacral strain, sacroiliac strain and, briefly, facet 
slipping and coccyalgia. Lumbosacral strain may be pos- 
tural in origin. The other three types are not primarily 
considered to be postural problems, but there are asso- 
ciated problems of alignment and muscle imbalance that 
often affect these conditions. 


LUMBOSACRAL STRAIN 


Lumbosacral strain is the most common type of low 
back problem. The word strain, however, which denotes 
an injurious tension, does not cover the mechanical faults 
that are present. Essentially, there are two problems: un- 
due compression on bony structures, especially in 
weight bearing (i.e., standing or sitting), and undue ten- 
sion on muscles and ligaments in weight bearing and 
during movement. (See also p. 34.) 

A back may have good alignment in weight bearing, 
but if the low back muscles are tight, they will be sub- 
jected to undue tension in a sudden or unguarded attempt 
to bend forward. Acute muscle strain may follow. 

A back may have very faulty alignment, such as a 
lordosis, without tightness of the low back muscles. 
Movement may not cause a strain, but standing for any 
length of time may give rise to pain. Compressive stress 
resulting from faulty alignment, if marked or constant, 
may evoke painful symptoms. This type of posture is 
more common among women than among men. The 
fault is often associated with weakness of the abdominal 
muscles. The onset of symptoms usually is gradual rather 
than acute and symptoms often remain more or less 
chronic. Pain is less if the person is active than if the 
person is standing still, and it is relieved by recumbency 
or sitting. 

In those with a combination of faulty alignment and 
muscle tightness, both position and movement may give 
rise to pain. This pain tends to be constant, although it 

may vary in intensity with changes of position. Stresses 
that would not be excessive under ordinary circumstances 
may give rise to pain; an apparently inconsequential act 
may cause an acute onset of pain. 


SACROILIAC STRAIN 


The type of joint and the amount of movement permit- 
ted by the sacroiliac joint are central to any discussion 
regarding recognition and treatment of sacroiliac strain. 





Sacroiliac Joint 


Basmajian describes two areas of articulation in the 
sacroiliac joint. As seen from the side, the wings of the 
sacrum present anterior and posterior areas. The ante- 
rior area is shaped like an ear and is referred to as the 
auricular surface. Its articulation with the ilium is 
called the synovial sacroiliac joint The posterior area 
is rough and is referred to as the tuberosity. This artic- 
ulation with the ilium is called the fibrous sacroiliac 
joint, and it "gives attachment to strong interosseous 
and strong posterior sacroiliac ligaments that bind the 
bones together and permit only a minimum of move- 
ment" (П). 

The distinction helps to clarify the confusion that 
results when the joint is variously described as a syndes- 
mosis (i.e., immovable), a synchondrosis (i.e., slightly 
movable), or a synovial joint (i.e., freely movable). 

It is recognized that movement normally occurs dur- 
ing childbirth, and that some of the recurring sacroiliac 
problems for women are the result of a single or subse- 
quent deliveries. Hippocrates believed mat the joint was 
immobile except during pregnancy (12). 

Anatomists refer to this joint variously. Gray calls 
it a synchondrosis (13). Sabotta states that it is an al- 
most immovable joint and that the tuberosities are 
united anteriorly by a joint and posteriorly by a syn- 
desmosis (14). 

Compared to other specialists, orthopedists, as a 
group, have had more experience dealing with prob- 
lems of the sacroiliac joint. The following excerpts ex- 
press the views of outstanding orthopedists from 1918 
to 1986: 


Davis: "А small amount of movement is possible in most 
cases . .." (15). 


Jones and Lovett: ". . . the consensus of opinion is that 
sacroiliac relaxation is a rare phenomenon" (16). 


Ober, in Love it's Lateral Curvature of the Spine: "The 
Strong joint between the sacrum and the ilium through 
which the whole body weight is transmitted is a syn- 
chondrosis. That they permit some motion is well estab- 
lished, but this amount of motion is small" (17). 


Steindler: 'it is a true joint, with articular facets, synovial 
lining, and capsule; but it is so irregular in its surface, 
with its numerous interlocking elevations and indenta- 
tions, that practically no motion is possible in this joint 
under normal conditions" (18). 
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Hoppenfeld: "For all intents and purposes, me sacroiliac 
and pubic symphysis are practically immovable joints, 
and, while they may become involved pathologically, they 
seldom restrict function or cause pain" (19). 


Cyriax, prominent in the field of physical medicine and 
rehabilitation: "Movement does occur at the sacroiliac 
joint; at the extremes of trunk flexion and extension, rota- 
tion takes place between the sacrum and the ilium.... No 
muscles span the joint. There is no intra-articular menis- 
cus. All in all, there is little that can go wrong. The only 
condition encountered with any frequency is ankylosing 
spondylitis" (20). 


Hinwood: "The joint moves only a few millimeters and in 
a three-dimensional manner" (21). 


According to Saunders,"... that the sacroiliac joint 
moves is not a matter of speculation. . . . Since the 
sacroiliac joint is a synovial joint, it can be injured in the 
same manner as any other synovial joint" (22). The term 
synovial joint implies a freely movable joint. When ap- 
plied to the sacroiliac joint, however, the term should be 
qualified so it does not imply that the sacroiliac joint is 
freely movable. 

According to Norkin, another physical therapist, 
"The sacroiliac joint is part synovial and part fibrous" 
(23). The fact that two joint surfaces with different types 
of joint linings (i.e., one synovial and the other a thin, 
cartilaginous layer) are described does not mean that, 
functionally, one is dealing with two independently mov- 
able joints. The sacroiliac, which is regarded function- 
ally as one joint, is only very slightly movable. 

When the range of motion is stated in terms of mil- 
limeters, the amount is very small. Cyriax states that 
"rotation takes place between the sacrum and the ilium, 
but it is limited to 0.25 mm" (20). Lovett refers to a 
study by Klein, who found that 


25 kg of force applied to the symphysis with the sacrum 
fixed produced a rotation of the ilia on the sacrum, which 
on the average, measured by die excursion of the symph- 
ysis, was 3.9 mm in man and 5.8 in woman. Measured at 
the sacroiliac joint this excursion was about one sixth of 
this amount; that is, in man the average amount of sacroil- 
jac motion, measured at the posterior part of the joint, was 
about 0.6 mm" (16). 


Cox states "It is now generally accepted that motion oc- 
curs in both the sacrum and the ilium; however, this mo- 
tion is only in the range of 1 to 2 mm and is thus very 


hard to measure" (12). 


For those who need to think in terms of inches, 1 mm 
is approximately V25 of an inch. Surely these measure- 
ments put this joint clearly in the classification of an 
almost immovable or, at best, a slightly movable joint 
When one also considers that the sacroiliac joints and 
the symphysis pubis, like the sagittal suture ofthe skull, 
hold the two halves ofthe body together, the concept of 
an almost immovable joint is very important. 


Rationale for Treatment 


Sacroiliac strains do exist As stated by the authors of 
Posture and Pain, "Because the normal range of motion 
of the joint is small, it takes very little more to be ex- 
cessive. A tension sufficient to cause ligamentous strain 
may not appear on x-ray" (10). 

Treatment varies from the conservative approach of 
nothing other than application of support in the form of 
a belt, corset, or brace to the use of sophisticated mobi- 
lization techniques. 

In all probability, most sacroiliac strains are the re- 
sult of undue tension on the ligaments without any dis- 
placement. There is no way of knowing how many 
cases are never brought to professional attention but 
clear up spontaneously. Very offen, application of a belt 
or some other support gives immediate relief. This re- 
sponse to immobilization is a strong indication of a 
strain only. 

Opinions vary widely with respect to the need for 
mobilization. In some cases, it may be the treatment of 
choice and appropriate; in others, it may be unnecessary 
and unwarranted. If a belt does not offer relief but mo- 
bilization does, it is plausible that a minor displacement 
was corrected by the manipulation. Many individuals 
will be helped by use of a support after the mobilization 
treatment. A person who is subject to recurrent attacks 
is in greater need ofa support to protect the joint from 
becoming too mobile as compared to a person who has 
had a simple strain. 

The sacroiliac joint is supported by strong liga- 
ments. No muscles cross directly over the joint to sup- 
port it There would be no useful function for elastic, 
contractile tissue (e.g., muscle) to act on a joint that has 
almost no movement. Weakness or tightness of muscles 
elsewhere, however, can affect the sacroiliac joint. When 
motion is restricted in an adjacent area (e.g., the back or 
the hip joints), stress on the sacroiliac joints is increased 
during any forward-bending movement. 
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Sacroiliac strain in subjects with flat-back posture 
and tight hamstrings tends to be more common among 
men than among women. On the other hand, sacroiliac 
strain in subjects with a lordosis is found more often 
among women than among men. Sacroiliac strain may 
be bilateral but more often is unilateral. There may be 
more pain in sitting than in standing or walking. The 
strain can be brought on by sitting in unsupported flex- 
ion of the lumbosacral region (e.g., sitting on the floor 
tailor fashion, squatting, or sitting on a chair or a sofa 
that is too deep from front to back). 

Usually, there is tenderness over the affected sacroil- 
jac area. There also may be diffuse, not easily defined 
pain through the pelvis, buttock and into the thigh. Pain 
may be referred to the lower abdomen and groin area, 
and at times, there may be associated sciatic symptoms. 
In some cases, there is pain on hip flexion. 

For immobilization with a belt, commercial belts 
are usually available and adequate for men. For women, 
it is more difficult to keep a belt from riding up out of a 
position of support. 


s 


These photographs show a panty girdle with a strap 
approximately 3 inches wide attached to the girdle with 
three strips of Velcro. One piece is attached at the cen- 
ter posteriorly, and one is attached on either side an- 
terolaterally. The strap stays in place both in sitting and 
in standing. If the subject is wearing a corset for a low 
back problem, the strap can be attached to that garment. 





FACET SLIPPING 


The joints or facets that connect one vertebra with an- 
other may show abnormal deviations of alignment, 
which is referred to a facet slipping. Conceivably, a 
facet slipping may occur at the limit of range in flexion 
or in hyperextension. As a fault in hyperextension, it 
may result from a sudden movement in that direction or 
from a severe, persistent lumbar lordosis; the latter has 






been seen on radiographs (24). The vertebral interspaces 
are diminished, and the lordosis is so marked that the 
force of compression has caused the joint structures to 
give way and permit the "overriding" of one facet on 
another. 

The suddenness of onset, acuteness of pain, and ab- 
sence of previous neuromuscular symptoms suggest that 
some cases of acute low back pain may be a result of 
facet slipping. A patient's description of "hearing a click, 
like something slipping out of place," suggests that an 
alignment fault has occurred. Usually, these incidents 
are only of momentary duration, and as such, they are 
not confirmed by radiography. The diagnosis is estab- 
lished, necessarily, based on subjective rather than ob- 
jective findings. 

The movement of the body and the direction of 
stress denote the direction of the alignment fault. Most 
often, it occurs during flexion, and the patient reports 
being unable to straighten. 

When the stress results from hyperextension move- 
ments, the so-called "catch in the back" may be a mus- 
cle spasm, or it may involve excessive motion in the 
form of facet slipping. 

The faults of alignment and mobility that result in 
excessive joint motion are the basic factors to be con- 
sidered in correcting or preventing faults of this type. 


COCCYALGIA 


Coccyalgia or coccygodynia refers to pain in the coc- 
cyx or neighboring area. Numerous factors, including 
trauma, are responsible for coccyalgia. Faulty position 
of the body may have no relation to the onset of symp- 
toms but may result secondarily and become an impor- 
tant factor. 

One who has persistent coccyalgia tends to sit in a 
very erect position, with hyperextension (i.e., lordosis) 
of the spine in an effort to avoid undue pressure on the 
painful coccyx. Years of sitting in such a position can re- 
sult in tightness in the low back and weakness of the 
gluteus maximus muscles. 

Conservative treatment consists of providing some 
padding for the coccyx by use of a corset, which is wom 
low to hold the buttocks close together. Preferably, this 
corset has back laces that cross over and tighten by lat- 
eral straps. 

The corset should be tightened with the patient 
standing. The gluteal muscles thus form a padding for 
the coccyx in the sitting position. A soft pad may be in- 
corporated into the corset as well. Pain may be allevi- 
ated by this simple procedure. 
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KYPHOTIC-LORDOTIC POSTURE 


Pour groups of muscles support the pelvis in anteropos- 
terior alignment. The low back extensors pull upward on 
the pelvis posteriorly, the hamstrings pull downward 
posteriorly, the abdominal muscles pull upward anteri- 
orly, and the hip flexors pull downward anteriorly. With 
good muscle balance, the pelvis is maintained in good 
alignment. With muscle imbalance, the pelvis tilts ante- 
riorly or posteriorly. With anterior pelvic tilt, the low 
back arches forward into a position of lordosis. In this 
position, there is undue compression posteriorly on the 
vertebrae and the articulating facets, and undue tension 
on the anterior longitudinal ligament in the lumbar area. 





A B — 


Kyphotic-lordotic posture. Hip flexion with the 
trunk inclined forward. 

The muscle imbalances that are associated with an 
anterior tilt may include all or some of the following: 
weak anterior abdominal muscles, tight hip flexor mus- 
cles (chiefly the iliopsoas), tight low back muscles and 
weak hip extensor muscles. 

The figures above show these muscle imbalances. 
Figure A shows a marked lordosis. The lordosis shown 
in Figure B would also be marked if the subject were 
to assume an erect posture. When all four muscle groups 
are involved, correction of the anterior pelvic tilt re- 
quires strengthening of the anterior abdominal muscles 
and hip extensors and stretching of the tight low back 
and hip flexor muscles. Any one of the above may be 


a primary factor, but the tight low back and weak hip 
extensor muscles are least likely to be the primary 
cause. 

Frank Ober stated, "It is well known that a lordotic 
spine may be a painful spine, but this, of course, is not 
true in every case" (25). Farni and Trueman have em- 
phasized the common association of increased lumbar 
lordosis and low back pain (26). Some individuals with 
a lordosis complain of low back pain, whereas others 
with a more severe lordosis may not complain of any 
pain. A lordosis may be habitual, but if the muscles of 
the back are flexible enough that position can be changed 
from time to time, symptoms may not develop. A back 
so tight that the lordotic position is fixed, however, tends 
to be a painful back regardless of the body position. 

The best index in regard to a painful low back is not 
the degree of lordosis or other mechanical defect visible 
on examination of alignment. Rather, the extent of mus- 
cle tightness maintains a fixed anteroposterior align- 
ment, and the extent of muscle weakness allows the 
faulty position to occur and to persist. 


WEAK ANTERIOR 
ABDOMINAL MUSCLES 


Weakness of anterior abdominal muscles allows the pelvis 
to tilt forward. These muscles are incapable of exerting 
the upward pull on the pelvis that is needed to help main- 
tain a good alignment. As the pelvis tilts forward, the 
low back is drawn into a position of lordosis. 

The individual with a lordosis in which abdominal 
muscle weakness is the main problem usually complains 
of pain across the low back. During the early stages, this 
pain is described as fatigue; later, it is described as an 
ache, which may or may not progress to being acutely 
painful. 

Pain is usually worse at the end of day and is re- 
lieved by recumbency to such an extent that, after a 
night's rest, the individual may be free of symptoms. 
Sleeping on a firm mattress allows the back to flatten, 
and this change from the lordotic position gives relief 
and comfort to the patient. 

The back may be eased in sitting by resting against 
the back of the chair and avoiding the erect sitting 
position, which tends to arch the low back. Relief of 
pain can also come from the use of a proper support 
to help correct the faulty alignment and relieve the 
strain on the weak abdominal muscles. (The William's 
Flexion Brace and the Goldthwait Brace were designed 
to support the abdomen and correct the lordosis.) (See 


also p. 226) 
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When marked weakness exists, the patient should 
start an exercise program and continue using the support 
for a period of time while working to build muscle 
strength. This advice is contrary to the often-repeated 
admonition that the muscles will get weaker if a support 
is used. Weakness from wearing a support will occur 
only if the patient does not exercise to build up the mus- 
cles. Use of the support helps to maintain alignment and 
to relieve stretch and strain of the weak muscles until 
they regain strength through exercise. 

Abdominal muscle weakness is present for varying 
lengths of time following pregnancy. Being cognizant 
of this fact, physicians often give patients a list of ex- 
ercises intended to strengthen these muscles. Unfortu- 
nately, these lists have included sit-ups and double-leg- 
raising exercises, which should not be given when the 
abdominal muscles are very weak. (See pp. 209, 215, 
and 216 for exercises to strengthen abdominal mus- 
cles.) 

With back extensor or hip flexor tightness, it is 
necessary to treat these muscles to restore normal length 
before the abdominals can be expected to function opti- 
mally. (See pp. 381 and 242, 243 for stretching exer- 
cises.) 


TIGHT ONE-JOINT HIP FLEXORS 
(CHIEFLY ILIOPSOAS) 


Tight one-joint hip flexors cause an anterior tilt of the 
pelvis in standing. The low back goes into a lordosis as 
the subject stands erect. Occasionally, a subject inclines 
forward from the hips, avoiding an erect position that 
would result in a marked lordosis. (See Figs A & B on 


page 59.) 





This subject had marked lightness in the hip flexors, 
which limited hip joint extension. The subject also had 
limitation of back extension. To push up from the table, 
movement had to take place at the knee joint. As an ex- 
ercise, this movement would not be appropriate for this 
subject. 





The severity of the lordosis depends directly on the 
extent of the hip flexor tightness. Stress on the low 
back in the lordotic position is often relieved by giving 
in to the tight hip flexors. In standing, this is accom- 
plished by bending the knees slightly. In sitting, the 
hips are flexed, and the hip flexors are slack. Some 
people can sit for long periods of time without pain or 
discomfort but have pain when standing for brief peri- 
ods. In such cases, these patients should be examined 
for hip flexor shortness. Lying on the back or on the 
side with the hips and knees flexed relaxes the pull of 
the tight hip flexors on the low back. Patients often 
seek these means to relieve pain in the back—and le- 
gitimately so during the acute stage. The problem, how- 
ever, is that giving in to the tightness by flexing the 
hips in these various positions aggravates the underly- 
ing problem, permitting further adaptive shortening of 
the very muscles that are causing the problem. 

When knees are bent to relieve discomfort in the 
back, an effort should be made not to bend them more 
than necessary. After the hip flexors are stretched 
through appropriate exercises, it is not necessary to 
flex the hips and knees to be comfortable when lying 
on the back. 

In the back-lying position with the hips flexed 
enough to allow the back to flatten, the patient will be 
more comfortable on a firm mattress than on a soft one. 
On a soft mattress, the pelvis sinks down and tilts ante- 
riorly, causing a lordotic position of the low back. 

Lying on the abdomen is not tolerated, because 
the tight hip flexors hold the back in a lordotic posi- 
tion. The prone position, however, can be made com- 
fortable by placing a firm pillow directly under the ab- 
domen to help flatten the low back and allow slight 
flexion of the hips. 

A back support can provide some relief from a 
painful back that is held in a lordosis by tight hip flex- 
ors, but it cannot help to stretch the tight hip flexors, 
(See p. 381 for hip flexor stretching exercises and pp. 
215, 216 and 381 for exercises to strengthen lower ab- 
dominal muscles.) 

Trying to accomplish stretching of tight hip flexors 
by occasional periods of treatment is difficult if the pa- 
tient's occupation requires staying in a sitting position. 
Adaptive hip flexor shortening is a common problem for 
patients in wheelchairs. The patient must realize that it 
may be necessary to stretch the tight muscles daily to 
counteract the effects of a continuous sitting position. 
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TIGHT TWO-JOINT HIP FLEXORS 


The degree of tightness that is usually seen in the two- 
joint hip flexors (i.e., rectus femoris and tensor fasciae 
latae) does not cause a lordosis in standing. The reason 
is that the muscles are not elongated over the knee joint 
when the knee is straight. (Tightness would have to be 
severe to be tight over both joints.) 





Tightness causes a lordosis in the kneeling position. 
When someone complains that only the kneeling posi- 
tion causes pain in the low back, it is important to ex- 
amine for two-joint hip flexor shortness. (See hip flexor 


length test, pp. 376-380.) 





Sometimes tightness is very marked, and stretching 
should be done in a manner that does not put stress on 
the patella during knee flexion. It is recommended that 
the knee be placed in flexion, as shown in Figure A, so 
the patella can ride over the knee joint before starting 
further stretching. Proceed to stretch the hip flexors by 
pulling upward and inward with the lower abdominal 
muscles to posteriorly tilt the pelvis and extend the hip 
joint, as shown in Figure B. 


a 


TIGHT LOW BACK MUSCLES 


Tight low back muscles cause an anterior tilt of the 
pelvis, and they hold the low back in a position of lor- 
dosis. These muscles cross over joints of the vertebral 
column, but they do not cross over another joint at which 
the muscles can give in to the tightness. Regardless of 
body position, the low back will remain in a degree of 
extension that corresponds to the degree of tightness 
of these muscles. In forward bending, the low back re- 
mains in an anterior curve and does not straighten. (See 
p. 175.) 

For cases in which tightness of the low back mus- 
cles is a primary factor, pain may be chronic but often 
has an acute onset. Pain is increased by—and tends to 
have its onset in—movement rather than standing or sit- 
ting positions. The problem tends to be more common 
among men than among women. 

Pain may be relieved or made worse by recumbency. 
Relief of pain in recumbency results from removing part 


of the strain caused by the movement or muscle action 
in maintaining the upright position. Increase of pain in 
recumbency occurs if the body weight in the supine po- 
sition imposes a strain on the back muscles. During bed 
rest in the acute stage, some relief is obtained by giving 
in to the back by putting a small roll under it. This roll 
should conform to the contour of and give support to the 
low back. The pressure against the low back offers 
some relief. When a back support in the form of a corset 
or a brace is indicated, it sometimes is advisable to use 
the support when recumbent as well as when weight 
bearing. 

In addition to the relief that comes from restriction 
of motion, pain is relieved by pressure from the support 
against the low back. Steel stays in back supports (see 
illustration on page 62) should be bent in to conform to 
the back, and a pad may be added if it gives additional 
comfort. 
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The relief of pain that may accompany immobiliza- 
tion—and the fear of repeating the movement that 
brought on the acute attack—may have so impressed the 
patient that there will be reluctance to cooperate in treat- 
ment to restore movement Recovery depends on coop- 
eration, and this will not be obtained unless the patient 
understands the procedure. 

Giving in to the lordotic position and supporting the 
back in that position for the relief of pain should not be 
the goal of treatment Stretching the low back muscles 
to restore normal flexibility and building up the abdom- 
inal muscle strength are long-term goals. (See p. 242 for 
stretching the low back and pp. 215 and 216 for strength- 
ening the lower abdominal muscles.) 

Below are several forms of abdominal and back sup- 
ports. 

Adhesive strapping may be used for those needing 
only temporary support or until a more rigid support can 
be obtained. 





A piece of muslin is placed under the abdomen with 
the patient in the prone position. The adhesive strips are 
anchored to the muslin on either side. A series of thin, 
wooden applicators, placed on an additional patch of ad- 
hesive, is then placed over the tape on the low back. 

The applicators are broken by gentle pressure so 
that they conform to the apex of the curve in the low 
back, and then several more strips of adhesive are ap- 
plied. The muslin acts as an abdominal support, and by 
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anchoring the adhesive to it, there is less chance of irri- 
tation from the tape. 

People with a lordosis often complain of having a 
"weak back." The term is used because of the feeling of 
aching and fatigue in the low back and because of the 
inability to lift heavy objects without pain. This type of 
back is mechanically weak and inefficient because of the 
faulty alignment, but the low back muscles are not 
weak, The connotation of the word weak is that the back 
muscles are in need of strengthening. On the contrary, 
these muscles are strong, overdeveloped and short Back 
extension exercises are contraindicated. 


The lordosis posture with tight low back muscles 
tends to give rise to pain in movement or position. 
Change of body position does not give relief if the tight- 
ness is marked. The back remains immobilized in faulty 
alignment by the muscle tightness whether the patient is 
standing, sitting or lying. 

Years ago, it was not uncommon to find muscle 
tightness in the low back. Environmental and cultural 
factors affect postural habits. Low back muscle tightness 
sufficient to hold the low back in a fixed anterior curve, 
however, is no longer a common finding. It is possible 
that sitting at work, sitting in cars, and the emphasis on 
exercises that flex the spine (especially knee-bent sit- 
ups) have reversed these problems—and created some 
new ones—with respect to low back pain. 


WEAK HIP EXTENSOR MUSCLES 


Hip extensors consist of the one-joint gluteus maximus 
and the two-joint hamstring muscles. Weakness of these 
muscles is seldom found as the primary factor in anterior 
pelvic tilt but when found in conjunction with hip flexor 
shortness or abdominal muscle weakness, the associated 
pelvic tilt and lordosis tend to be more exaggerated than 
if the hip extensor weakness were not present. 

Slight to moderate weakness of the gluteus max- 
imus and hamstring muscles will allow the pelvis to tilt 
forward in the standing position. Weakness of the ham- 
strings alone would not affect the pelvic position to the 
same extent. Marked weakness or paralysis of the hip 
extensors presents the opposite picture. With extreme 
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weakness, the only stable position of the hips is obtained 
by displacing the pelvis forward and the upper trunk 
backward (as in sway-back posture), distributing the 
body weight over the center of gravity with the hip joint 
locked in extension and the pelvis in posterior tilt. (See 
p. 434 for a comparable example of marked hip abduc- 
tor weakness.) 

Hamstring weakness more often results from over- 
stretching than from lack of exercise. The first step in 
strengthening these muscles is to avoid the movements 
or positions that overstretch them. Exercises to 
strengthen the hamstrings can then be added in the form 
of resisted knee flexion with the hip flexed or prone 
knee flexion with the hip extended. In the prone posi- 
tion, the knee should not be flexed to the extent that this 
two-joint muscle is placed in an ineffective, shortened 
position. The optimal position for strengthening and test- 


Two types of posture exhibit posterior pelvic tilt, hip 
joint extension and weakness of the iliopsoas muscle. 

The flat-back posture, as the name implies, is a 
straight back in both the lumbar and thoracic areas, ex- 
cept that some degree of flexion in the upper thoracic 
area accompanies the forward head position. 

The sway-back posture is one in which there is 
posterior displacement (i.e., swaying back) of the upper 
trunk and anterior displacement (i.e., swaying forward) 
of the pelvis. A long kyphosis extends into the upper 
lumbar region, and the lower lumbar region is flattened. 
The posterolateral fibers of the external oblique are elon- 
gated. (See accompanying illustrations and pp. 70, 71.) 


SWAY-BACK POSTURE 


In the past, the words lordosis and sway-back were used 
interchangeably in referring to the curvature in the low 
back and lower thoracic areas. The postural differences 
between the lordosis and the sway-back postures were 
recognized in Posture and Pain, but the name sway-back 
was not applied until the third edition of Muscles, Test- 
ing, and Function, published in 1983. Separating the use 
of these terms also differentiated the two postures, which 
are, in fact, distinctly different with respect to the an- 
teroposterior tilting of the pelvis, position of the hip 
joint, and accompanying muscle imbalances. Weakness 
of the iliopsoas is a constant finding in the sway-back 
posture, in contrast to being strong in the lordotic pos- 
ture. As determined by the lower abdominal muscle test, 
the external oblique is usually weak in both the lordotic 
and sway-back postures. 






HIP EXTENSOR WEAKNESS 


ing is at an angle of approximately 50° to 70° of knee 
flexion in the prone position. (See p. 384 for normal 
hamstring length and pp. 418 and 419 for optimal test 
and exercise positions.) 

In the standing position, the hamstring muscles may 
feel taut whether they are stretched or short. On postural 
examination, this tautness usually is interpreted as tight 
hamstrings, resulting in treatment to stretch the hamstrings 
as a corrective measure. When this tautness is associated 
with stretched hamstrings, however, stretching is con- 
traindicated as a treatment. Accurate testing for hamstring 
length as described in Chapter 7 is necessary for an accu- 
rate diagnosis and prescription of therapeutic exercises. 
Faulty postural alignment is indicative of hamstring length: 
A lordosis and hyperextended knees suggest the presence 
of stretched hamstrings, but flat-back and sway-back pos- 
tures suggest the presence of short hamstrings. 





POSTERIOR PELVIC Till 


The postures resemble each other in that both involve 
a curve in the back. In the lordotic posture, the anterior 
curve in the low back is increased. In the sway-back 
posture, however, there is an increased posterior curve in 
the thoracic and thoracolumbar regions. In the lordotic 
posture, strain is usually felt across the low back; in the 
sway-back posture, strain is more often felt in the area of 
the thoracolumbar junction. 

Treatment aims to restore good alignment, with the 
low back in a normal anterior curve and the upper back 
in correction of the long kyphosis. A properly fitted sup- 
port should be considered if the posture has become 
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Flat-back posture. Sway-back posture. 
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POSTERIOR PELVIC TILT 


painful or if the upper back and lower abdominal muscles 
are too weak to maintain postural correction. Exercises to 
strengthen the iliopsoas and the lower abdominal muscles 
are usually indicated for subjects with the sway-back pos- 
ture. Alternate (but not double) leg raising from the supine 
position with the low back held flat on the table may be 
used for hip flexor strengthening. 

From a neutral position of the pelvis, the range of 
motion in the direction of the posterior tilt is less than in 
the direction of anterior tilt. The same four muscle groups 
support the pelvis anteriorly and posteriorly: anterior ab- 
dominal muscles, hip flexors (chiefly Iliopsoas), low back 
muscles and hip extensors. 


FLAT-BACK POSTURE 


When describing the flat-back posture, it is necessary to 
recognize two types: one that is flexible, which is the 
more common type, and the rigid, flat low back. Be- 
cause normal flexion is defined as flattening or straight- 
ening of the lumbar spine, both types of flat-back pos- 
ture exhibit normal flexion. In the flexible back, 
extension is not limited; but in the rigid back, extension 
is limited. (The latter is not included in the following 
discussion.) 


The flexible flat-back posture appears to be more 
common among certain cultures. Asians, for example, 
seem to exhibit this type of posture more frequently than 
Americans or Europeans. This type of flat-back does not 
give rise to as many problems of low back pain as do the 
lordotic back and the sway-back postures. The range of 
motion in extension is usually normal and may even be 
excessive. 

The low back muscles are strong. The abdominal 
muscles, especially the lower, tend to be stronger than 
average. The hip extensors are usually stronger, and the 
hamstrings often show shortness. Consistently, the one- 
joint hip flexors (mainly the iliopsoas) are weak. This 
weakness is not evident in the usual group hip flexor test 
in sitting, but it is evident in the supine test for the il- 
iopsoas (See p. 423) and in the test requiring completion 
of hip joint flexion in sitting (See p. 424). If the ham- 
strings are tight, stretching exercises are indicated (See 
p. 390). 

The following observation was made by the original 
senior author of this text in a 1936 publication: 


In my experience I have not come in contact with a pa- 
tient having a normally flexible so-called flat-back, with 
a balance between the strength of the back and abdomi- 
nal muscles, who has complained of chronic low back 
pain. . . . The weight-bearing line of the body is nearly 





normal in these patients and they do not exhibit the type 
of chronic low back pain associated with extreme faulty 
posture (9). 


Careful consideration must be given to examination 
findings when planning a course of treatment. It is a 
mistake to assume that extension exercises are indi- 
cated—they may be unnecessary or even contraindi- 
cated. The flat-back posture is one in which the hip joint 
is in extension and the hamstrings are strong and usually 
short. 

If this type of posture exists without low back pain, 
it is not necessary to change it. If the back is painful, 
however, and restoring the normal anterior curve is in- 
dicated, the measure of choice should be strengthening 
the weak hip flexors. The problems with back extension 
from the prone position are, first, that it involves strong 
hip joint extension and extensor muscle action to stabi- 
lize the pelvis to the thigh for the trunk to be raised and. 
second, that the hip extension stretches the already weak 
iliopsoas. 

If low back extension is indicated, for whatever rea- 
son, it can be done in a sitting position, or by the stabi- 
lizing action of the low back during alternate leg raising 
in a prone position—raising the leg only about 10° in ex- 
tension. 


EXCESSIVE FLEXION 
(HYPERFLEXION) 


Excessive flexion (i.e., hyperflexion) of the lumbar spine 
is not uncommon. It is seen as a kyphosis of the low 
back in sitting, but it rarely appears as a kyphosis in 
standing. (See photograph, p. 377.) In most cases of ex- 
cessive low back flexion, the back extensor muscles are 
not weak, but the hamstrings are often tight. (See pp. 
175 and 389.) 

Some individuals with excessive flexion in sitting 
will stand in a lordotic position. Certain exercises pro- 
mote excessive flexion of the low back as they strengthen 
and tend to shorten the hip flexors. Notably, the curled- 
trunk sit-up from a knee-bent position creates a demand 
for complete curling of the trunk, including the lumbar 
spine, and exercises the iliopsoas in hip joint flexion al- 
most to completion of the range of motion. 

With a painful low back and hypermobility in flex- 
ion, the treatment of choice is a support that prevents 
excessive range of motion. If the hamstrings are tight 
and exercises are done to stretch them, one should 
avoid forward bending, and one should wear the back 
support while doing passive or active straight-leg rais- 
ing. (See p. 390.) 


Medical portal MedWedi.ru 





LATERAL PELVIC TILT 





LATERAL PELVIC TILT 


Problems of postural low back pain associated with lat- 
eral pelvic tilt are common, but many such cases go un- 
detected. The mechanical problem is chiefly one of un- 
due compression at the articulating facets of the spine on 
the high side of the pelvis. The sore spot that corre- 
sponds with the area of greatest compression is usually 
over the articulating facet of the fifth lumbar vertebra on 
the high side. 

In cases of lateral pelvic tilt, muscle imbalances are 
usually present in the lateral or posterolateral trunk and 
in the lateral or anterolateral thigh muscles. The pos- 
terolateral trunk muscles and lumbodorsal fascia are 
tighter on the high side of the pelvis, whereas the leg ab- 
ductors and tensor fasciae latae are tighter on the low 
side of the pelvis. On the high side, the leg assumes a 
position of postural adduction in relation to the pelvis, 
and the abductors (particularly the posterior part of the 
gluteus medius) show weakness. (See figure, p. 435.) An 
imbalance may also be noted in the hip adductors. 

The pattern most frequently seen in right-handed in- 
dividuals is that of a tight left tensor, a weak right gluteus 
medius, and stronger right hip adductors and right lateral 
trunk muscles. Left-handed individuals tend to show the 
reverse of this pattern; however, their acquired patterns of 
muscle imbalances tend to be less fixed than those in 
right-handed individuals. Equipment and tools are most 
often designed for right-handed use if an element of asym- 
metry is involved, and left-handed people are required to 
use these instruments in a right-handed manner. 

As a result of faulty lateral alignment and muscle 
imbalances, pain may appear in the low back or in the 
leg. Careful examination often reveals problems in both 
areas, regardless of the area in which the chief complaint 
is located. 

Treatment is primarily concerned with realignment 
and, essentially, consists of applying a straight raise on 
the heel of the shoe on the low side of the pelvis. Sel- 
dom is it necessary or advisable to use a lift more than 

78- or Vi6-inch thick. A firm rubber and leather heel pad 
that can be inserted into a shoe often suffices. 

The difference in level of the posterior spines, as seen 
when the patient is standing with the knees straight, should 
provide the basis for determining the need for and the 
amount of shoe lift. Unfortunately, apparent leg length 
measurements taken in the supine position as a basis for 
determining the side of application of the lift are often 
misleading. (See analysis of fallacy in this regard, p. 438.) 





If the tensor fasciae latae is tight on one side, the 
faulty alignment will not be corrected automatically by 
the application of a shoe lift. It may be necessary to treat 
this tightness even though no specific symptoms are 
present in the area. Such treatment should precede or ac- 
company the use of a shoe lift and may consist merely 
of active stretching exercises or of assisted stretching. 


(See pp. 398 and 450.) 


GLUTEUS MEDIUS WEAKNESS 


Discomfort, aching, or in some instances, pain may be 
present in the area of the posterior gluteus medius mus- 
cle. Symptoms may start as an annoying discomfort in 
standing and may progress to ache in standing or side- 
lying. In side-lying, it may hurt whether lying on the af- 
fected or on the unaffected side. Habitually standing 
with the weight on one leg more than the other gives rise 
to stretch weakness that, if it persists, can result in the 
complaint of discomfort or pain. Treatment may be as 
simple as breaking the habit of standing with the weight 
shifted toward the affected side. 

The weakness of the gluteus medius, which is usu- 
ally present on the high side of the pelvis, must be cor- 
rected to maintain good lateral alignment. A shoe raise 
on the opposite side, which is used to level the pelvis, 
removes at once the element of tension on the weaker 
medius provided that the subject stands evenly on both 
feet and avoids standing in adduction on the side of the 
weak medius. As a general rule, specific exercises for 
the gluteus medius are not necessary for individuals who 
are normally active; the exercise involved in the ordi- 
nary, functional activity of walking usually suffices for 
strengthening this muscle. 

A minimum of 6 weeks is generally advisable for 
the wearing of a lift. Whether the lift is needed for a 
longer period depends to a great extent on how long the 
immediate postural problem has existed, whether any 
actual leg-length difference exists, and whether occupa- 
tional activities or postural habits can be changed to per- 
mit the maintenance of good alignment. 

Even though it may be slight, some degree of rota- 
tion of the pelvis on the femurs usually accompanies a 
lateral pelvic tilt. The pelvis tends to rotate forward on 
the side ofa high hip. In other words, counter-clockwise 
rotation of the pelvis usually occurs when the right hip 
is high and the right leg is in postural adduction on the 
pelvis. This rotation tends to disappear when the pelvis 


is leveled laterally. 
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Because low back pain is often caused or triggered by 
the act of lifting, a brief discussion of this topic is in 
order. 


Much has been written about how to lift, conditions 
in the workplace that need to be corrected, and problems 
as they affect the lifter. The weight of the object to be 
lifted, the frequency and duration of lifting, and the level 
from which an object must be lifted are all matters of 
concern with respect to how the lifter is affected. 

Because of the many variables involved in lifting, 
there cannot be a single correct way to lift. Some points 
of agreement, however, relate to the lifter and to the ob- 
ject being lifted: 


Stand as close to the object as possible. 


Stand with the feet apart and one foot slightly in 
front of the other. 


Bend the knees. 
Begin the lift slowly, without jerking. 
Avoid twisting in the forward-bent position. 


There is also agreement that lifting from floor height 
presents many hazards. It is preferable that objects not 
be at floor level. If this is not an option, an assistive de- 
vice should be used, if possible. 

Opinions differ regarding whether to squat or to 
stoop and whether the low back should be straight or 
curved anteriorly (i.e., in the direction of a lordosis). 
Squatting involves moderate knee bending; stooping in- 
volves bending forward from the hips or the waist (or 
both) and slight knee bending. 

The squat lift has been advocated as a means of plac- 
ing the load more on the legs and reducing the load on the 
back. The squat position for lifting, however, places the 
quadriceps at a mechanical disadvantage and makes it 
subject to severe strain. Furthermore, many people have 
knee problems that prohibit lifting from a squat position. 
Some may tolerate this position but lack the necessary 
quadriceps strength for a job that requires this type of lift- 
ing. Deep knee bending has been discouraged in exercise 
programs for a long time, and the squat position should 
not approach that of deep knee bending for lifting. 


In many instances, the squat lift is not an option, 
and there is no alternative but to stoop. Lifting an infant 
up from a playpen, helping a patient get up from a chair, 
and lifting objects from the level of the thighs to a higher 
position are examples of situations in which stooping is 
required. 

The mechanics of lifting is important, but the body 
mechanics of the lifter is even more important. The de- 
cision regarding how to lift must take into consideration 
the ability or vulnerability of the lifter. Of major concem 
are the mobility, stability and strength of the lifter. In the 
general population, the mobility of the low back varies 
widely, ranging from excessive to limited. Excessive 
flexion and excessive extension both represent potential 
problems related to lifting. Limitation of motion to the 
extent of stiffness in the low back presents the problem 
of undue strain elsewhere (if not in the low back itself). 


In forward bending, some people exhibit excessive 
flexion (i.e., hyperflexion) in which the lumbar spine 
curves convexly in a posterior direction and assumes a 
position of lumbar kyphosis. This condition is not un- 
common. Although the low back muscles remain strong, 
the posterior ligaments are stretched and the back is 
vulnerable to strain when lifting. When this condition 
exists, the treatment of choice is the use of a support 
that prevents excessive flexion when lifting. The alter- 
native is to attempt to hold the back in a neutral posi- 
tion by strong co-contraction of the back and abdomi- 
nal muscles. 

Some people exhibit excessive extension in which 
the lumbar spine curves convexly in an anterior direction 
and assumes a position of marked lordosis. Referring to 
the work of Fami, Pope et al. stated that "as the lumbar 
lordosis increases, the plane of the LS and SI disks be- 
comes more vertical and subject to greater shear and 
cyclic torsional forces, while nonlordotic segments are 
subject to compressive forces" (26,27). Referring to the 
work of Farfan. Pope et al. also stated that "[Blending 
and torsional loads are of particular interest, since the 
bulk of experimental findings suggest that these, and not 
the compressive loads, are the most damaging to the 
discs" (27,28). 
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The normal anterior curve in the low back is a slight 
curve that is convex anteriorly. It is not a stable posi- 
tion—movement can take place in either an anterior or 
a posterior direction. Furthermore, no stability is af- 
forded by ligamentous restraint in either direction. Trunk 
muscles must be called on to stabilize the trunk. 

When it is advocated that the back be held in a nor- 
mal anterior curve (or in some degree of lordosis) dur- 
ing lifting, the question arises about precisely what mus- 
cles must come into play to hold that exact position. If 
the back muscles contract unopposed, the anterior curve 
and anterior pelvic tilt increase, and the potential for 
overwork of the muscles and injury to the low back also 
increase and predispose the subject to an added problem. 
Referring to work by Poulson et al. and Tishauer et al., 
Chaffin stated that "lumbar muscles (like all skeletal 
muscles) suffer ischemic pain when statically contracted 
for prolonged periods of moderate to heavy loading" 
(29-31). 

The opposing force that prevents an increase in the 
curve must be provided by the anterior abdominal mus- 
cles (most specifically the lower abdominals). Tests and 
exercises specific to these muscles should be applied. 
Weakness of the lower abdominal muscles is a common 
finding among otherwise strong individuals, and it pres- 
ents a potential hazard in regard to lifting. Strengthening 
the abdominal muscles, however, can affect more than 
merely the stability of the back. Pope et al. found that 
"intradiscal pressure fell when abdominal pressure was 
increased. Thus in the standing posture intradiscal pres- 
sure is decreased coincident with increased abdominal 
muscular activity" (27). 

The accompanying photographs are of a weight lifter 
who developed a backache and had to stop lifting until he 
built up strength in his abdominal muscles. He then re- 
turned to weight-lifting and demonstrated the manner in 
which he would pick up a heavy object from the floor. For 
those with weakness of the abdominal muscles who con- 
tinue weight lifting, it is advisable to use a support that 
provides abdominal and back stabilization. 

Many individuals will exhibit a flat low back in the 
forward-bent position. Flexion of the lumbar spine is 
movement in the direction of straightening the low back, 
and a flat low back represents normal flexion. When the 
low back flexes to—but not beyond—the point of flat- 
tening, stability is afforded by this limitation of mo- 
tion, just as there is stability at the knee joint if it does 
not hyperextend. In the back, this limitation provides a 
"built-in chair-back" that gives stability when lifting 
with the back straight. 

The potential for strain of the low back muscles and 
ligaments exists with hyperflexion, and the potential for 


ischemic pain with the lordotic back; disk problems may 
result from either (32). 

From the standpoint of prevention, one must assess 
how some exercises adversely affect the body in relation 
to the potential hazards in lifting. The knee-bent sit-up 
is conducive to excessive low back flexion as well as to 
overdevelopment and shortening of the hip flexors. For 
many adolescents, the legs are long in relation to the 
trunk and there is a tendency for tightness in the ham- 
strings. Forward bending to reach to or beyond the toes 
often results in excessive back flexion. Press-ups in the 
prone position that emphasize back extension to the 
point of fully extending the elbows encourages exces- 
sive range of motion in extension. 

With an emphasis on maintaining or restoring good 
body mechanics and muscle balance, or on compensating 
for deficits by means such as necessary bracing, fewer 
problems of low back pain will occur from lifting. 
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TREATMENT FOR BACK WEAKNESS 


Weakness of the low back is seldom seen in ordinary 
faulty posture problems. The low back muscles are an 
exception to the general rule that muscles that are elon- 
gated beyond normal range tend to show weakness. For 
a striking example, see p. 377 for photographs of a sub- 
ject who has excessive flexion, but normal back strength 
(seep. 171). 

Marked weakness of Erector spinae muscles is not 
seen except in connection with neuromuscular problems. 
Even in cases of extensive involvement in some neuro- 
muscular conditions, the back extensor muscles are of- 
ten spared. 

An individual should be able to raise the trunk 
backward from a face-lying position to the extent that 
range of motion of the back permits. If a person does 
not have the strength to perform this movement, and if 
there is no contraindication, then the back-extension ex- 
ercises would be appropriate. Adequate strength in back 
muscles is important for maintenance of upright pos- 
ture. 


When there is severe involvement, a support is 
necessary. The type, rigidity, and length of the support 
depend upon the severity of the weakness. Entire trunk 
musculature is usually involve if Erector spinae are weak. 
The collapse of the trunk takes place anteroposteriorly 
and laterally. 

Exercise to build up strength in extensors must be 
gauged according to the patient's tolerance and response. 
Good alignment must be preserved in recumbent posi- 
tions, and supports must be provided in sitting or stand- 
ing positions to help maintain any benefits from 
exercises. 





The firmness of a mattress is an important factor in 
the consideration of posture in the lying position. A good 
sleeping position involves having the various parts of the 
body in about the same horizontal plane. Either sagging 
springs or too soft a mattress may permit poor body 
alignment. 

Many people who have experienced postural back 
pain have found that pain has decreased or been elimi- 
nated by changing from a sagging to a firm level bed 
Others who have been accustomed to sleeping on a firm 
mattress have found that acute pain may be brought on 
by sleeping on a soft or sagging bed. A pillow under the 
waist when sleeping on the abdomen, or between the 
knees in a side-lying position can assist in maintaining 
more normal alignment and relieve stress on the back. 

For some individuals, particularly those who have 
fixed structural faults of alignment such as exaggerated 
curves of the spine, a softer mattress may be necessary 
for sleeping comfort because the mattress will give mare 
support and comfort if it conforms to the curves than if 
it "bridges" them. 

An adult might be comfortable without a pillow 
when sleeping on the back or abdomen, but would prob- 
ably not be comfortable in a side-lying position. Use of 
too high a pillow or more man one pillow may contribute 
to faulty head and shoulder positions. However, a person 
who is used to sleeping with the head high should not 
change abruptly to using a low pillow or none at all. A 
person who has a fixed postural fault of forward head 
and round upper back should not sleep without a pillow. 
It is important to have a pillow high enough to compen- 
sate for the round upper back and forward head position. 
Without a pillow or if the pillow is too low, the head will 
drop back in hyperextension of the neck. 


Medical portal MedWedi.ru 





SECTION IV: MUSCLES OF RESPIRATION 





INTRODUCTION 


Respiration refers to the exchange of gases between the 
cells of an organism and the external environment. Nu- 
merous neural, chemical and muscular components are 
involved. This section, however, relates specifically to 
the role of the muscles. 

Respiration consists of ventilation and circulation. 
Ventilation is the movement of gases into and out of the 
lungs; circulation is the transport of these gases to the 
tissues. Although the movement of gases in the lungs 
and tissues is by diffusion, their transport to and from 
the environment and throughout the body requires work 
by the respiratory and cardiac pumps. 

The respiratory pump is comprised of the muscles 
of respiration and the thorax, which in turn is made up 
of the ribs, scapulae, clavicle, sternum and thoracic spine. 
This musculoskeletal pump provides the necessary pres- 
sure gradients to move gases into and out of the lungs to 
ensure adequate diffusion of oxygen and carbon dioxide 
within the lung. 

The work of breathing performed by respiratory 
muscles in overcoming lung, chest wall, and airway re- 
sistances normally occurs only during inspiration. Mus- 
cular effort is required to enlarge the thoracic cavity and 
lower the intrathoracic pressure. Expiration results from 
the elastic recoil of the lungs on relaxation of the inspi- 
ratory muscles. The muscles of expiration are active, 
however, when the demands of breathing are increased. 
Heavy work, exercise, blowing, coughing, and singing 
all involve significant work by the expiratory muscles. 
Also, in conditions like emphysema, in which the elas- 
tic recoil is impaired, techniques such as pursed-lip 
breathing are employed to enhance expiration and min- 
imize effort. 

The Respiratory Muscle Chart on page 239 shows 
the division of muscles according to their major inspira- 
tory or expiratory roles in ventilation. This division, 
however, does not mean that the listed muscles function 
only in that singular capacity. For example, abdominal 
muscles, which are the chief expiratory muscles, also 
play a role in inspiration. The inspiratory intercostals as 
well as the diaphragm also perform an important "brak- 
ing" action during expiration. 

The further division on the chart into primary and ac- 
cessory muscles shows the numerous muscles that can be 
recruited to assist in the ventilatory process. Exactly which 
muscles participate as well as the extent of their partici- 
pation depends not only on the demands of breathing but 
also on individual differences in breathing habits or needs. 

The fact that breathing can be altered by changes in 
position, emotional state, activity level, disease, and 
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even the wearing of tight garments means that numerous 
variations in patterns of breathing exist. For example, 
Duchenne remarked that normal breathing of women in 
the mid-19th century was "of the costosuperior type" be- 
cause of compression from corsets on the lower part of 
the chest (33). 

According to Shneerson, "It is better to regard the 
respiratory muscles as being capable of recruitment ac- 
cording to the pattern of ventilation, posture, wakefulness 
or stage of sleep, muscle strength, air flow resistance, and 
compliance of the lungs and chest wall" (34). 

Some authorities dispute the accessory role of cer- 
tain muscles, particularly the upper trapezius and serra- 
tus anterior. Other muscles also often are omitted in 
writings about the accessory respiratory muscles. The 
rhomboid, for example, which is not included in the ac- 
companying Respiratory Muscle Chart, has a role in 
stabilizing the scapula to assist the serratus in forced 
inspiration. 

All the muscles listed on the chart have the capac- 
ity to be recruited, when needed, to facilitate breathing. 
Many of them perform vital roles in stabilizing parts of 
the body so that adequate force is provided to move air 
both into and out of the lungs. As the work of breath- 
ing increases, larger volumes of gas must be moved 
more quickly, and greater pressure generation is re- 
quired. The ventilatory muscles work harder, and addi- 
tional muscles are recruited to meet the demands of 
breathing. 

The following quotation emphasizes the importance 
of all respiratory muscles: "The distance runner strug- 
gling for air .. . may use even the platysma for expand- 
ing his chest, and the patient in paroxysms of cough 
probably contracts every muscle of the trunk, thorax and 
pectoral girdle during forced expiration" (35). Although 
the numerous muscles of the upper airways, especially 
the intrinsic and extrinsic muscles of the larynx, are not 
discussed here, they play an important role in permitting 
the free flow of air both to and from the lungs. (See 
p. 139 for laryngeal muscles.) 


In some individuals and under certain circumstances, 
accessory muscles may be used as the primary muscles. 
If the diaphragm or intercostals are paralyzed, for ex- 
ample, breathing is still possible through increased use 
of the accessory muscles. The importance of the acces- 
sory muscles was well documented in the case of a pa- 
tient with a permanent tracheostomy and no movement 
in his diaphragm or intercostals muscles. He had, sur- 
prisingly, a very large vital capacity, breathing with 
scaleni supplied by the cervical nerves and with the ster- 
nocleidomastoid and upper trapezius supplied by the 
spinal accessory nerve (36). 
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THERAPEUTIC OBJECTIVES 


A variety of techniques, procedures, and mechanical de- 
vices are used to assist lung function. Treatment must be 
specific to the ventilatory problem of the patient, but 
certain principles and practices are basic to all respira- 
tory therapy. 


Reduce Fear: The first step in reducing the work of breath- 
ing and instituting effective treatment is to reduce the pa- 
tient's level of fear and anxiety in order to obtain confi- 
dence and compliance. Existing respiratory problems are 
severely exacerbated by breath-holding, breathlessness, 
and increased tension in the accessory muscles, all of 
which frequently accompany a fearful state. When the 
confidence and cooperation of the patient are obtained, 
other treatment measures will be far more effective. 


Improve Relaxation: Relaxation produces a decrease in 
oxygen consumption of the skeletal muscles and an in- 
crease in compliance of the chest wall. When indicated, di- 
aphragmatic breathing exercises may aid in relaxation and 
give die patient a better sense of control over respiration. 
These exercises emphasize abdominal rather than rib cage 
expansion, and they are helpful in cases with overuse of 
the accessory muscles of the neck and upper chest Prac- 
ticing a pattern of deep breathing and sighing can reduce 
the work of breathing and help to relax a patient who has 
attacks of breathlessness or breath-holding. 


Improve Posture: Optimal breathing capability de- 
rives from a posture of optimal muscle balance. A bal- 
anced musculature is most efficient in terms of energy 
expenditure. 

Imbalance of the musculature resulting from tight- 
ness, weakness, or paralysis may adversely affect the 
volumes and pressures that can be attained and main- 
tained. Very weak and protruding abdominal muscles are 
not able to generate maximum expiratory pressures to 
meet increased demands of breathing brought on by ex- 
ertion or illness. Weakness of the upper back erector 
spinae and of the middle and lower trapezius muscles in- 
terferes with the ability to straighten the upper back, 
limiting the ability to raise and expand the chest and 
thus maximize lung capacity. Postural problems associ- 
ated with kyphosis, kyphoscoliosis, osteoporosis, and 
pectus excavum restrict breathing and result in decreased 
chest wall compliance. 


Improve Strength and Endurance of Respiratory 
Muscles: "Strength is needed for sudden respiratory 
movements such as coughing and sneezing, and brief 
spells of extreme exertion, whereas endurance is neces- 
sary for more prolonged exercise or to overcome an in- 
crease in air flow resistance or a decrease in compli- 
ance" (34). 

Strong and well-conditioned muscles are more effi- 
cient and require less oxygen for a given amount of work 
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than poorly conditioned muscles. Reports are mixed as 
to the efficacy of muscle strength training of respiratory 
muscles, but such training may be beneficial if respira- 
tory muscle weakness limits exercise or diminishes in- 
spiratory capacity. 

The stronger the abdominal muscles, the greater 
their ability to compress the abdomen and thus generate 
additional pressure during expiration. Exercises to 
strengthen these muscles can help to improve coughing 
and other expulsive maneuvers that are required to clear 
the airways and facilitate breathing. 

If there is marked weakness of these abdominal 
muscles, exercises should be supplemented with a sup- 
port that will reduce the downward pull of the abdomen 
and help to keep the diaphragm in the most advanta- 
geous position for both inspiration and expiration. Such 
assistance often helps to minimize breathing problems 
associated with obesity. 

Respiratory muscle fatigue may precipitate respira- 
tory failure. Endurance training is intended to increase 
the capacity of muscles to resist fatigue. Training has 
been shown to benefit approximately 40% of patients 
suffering from chronic air-flow obstruction, and slight 
improvements in endurance have been observed in pa- 
tients with cystic fibrosis (34). 

In disorders of the respiratory muscles, "[respira- 
tory failure is usually closely related to the degree of res- 
piratory muscle weakness but occasionally occurs with 
only mild impairment of muscle function" (34). Because 
of the high risk of respiratory failure associated with 
weak respiratory muscles, exercises to strengthen these 
muscles may be of critical importance, but they also must 
be very conservative and closely monitored. 


Improve Coordination: The oxygen cost of performing 
a task can be greater than normal in a person who moves 
in an uncoordinated fashion. When inefficient patterns 
of breathing and movement are identified, corrective 
treatment can be instituted, and the work of breathing 
will be gradually reduced. 


Improve Overall Fitness: Cardiovascular fitness can be 
improved through whole-body exercises (e.g., walking 
and bicycling) to strengthen ventilatory capability and 
efficiency. Exercises that involve the legs rather than the 
arms are preferred initially so that the accessory muscles 
can be used to aid breathing. 


Reduce Weight: Respiratory problems associated with 
Obesity often are very severe. According to Chemiack. 
the oxygen cost of breathing in an obese person is ap- 
proximately threefold the normal cost (37). Unlike some 
skeletal and neuromuscular respiratory disorders, obe- 
sity is a condition that can sometimes be reversed, with, 
in turn, respiration greatly improved. 











Of the more than 20 primary and accessory muscles 
shown on the Respiratory Muscle Chart, almost all have 
a postural function. Only the diaphragm and the anterior 
intercostals may be purely respiratory. Twenty of these 
muscles have either all or part of their origins or inser- 
tions on the ribs or costal cartilages. Any muscle at- 
tached to the rib cage is able to influence the mechanics 
of breathing to some degree. These muscles must be 
able to help support the skeletal structures of the venti- 
latory pump and to generate pressures that ensure con- 
tinued adequate gas exchange at the alveoli. 

These pressures can be substantial. To double air 
flow, a fourfold increase in pressure normally is re- 
quired. If air flow is to remain constant in the face of a 
twofold decrease in the radius of an airway, there must 
be a 16-fold increase in pressure (35). 

Respiratory complications can arise from a variety 
of obstructive and restrictive diseases as well as neuro- 
muscular and skeletal disorders. Once a diagnosis is es- 
tablished, treatment is designed to preserve the existing 
lung function and to eliminate or reduce the problem 
that is compromising respiration. The goal is to improve 
a patient's ability to ventilate the lungs. 

Of primary importance is the need to lessen the 
work of breathing and thus reduce the energy expendi- 
ture (i.e., oxygen consumption) of the respiratory mus- 
cles. Depending on the respiratory disorder, it may be 
the elastic, resistive, mechanical, or some combination 
of such work that needs to be alleviated. Respiratory 
failure can result when the increased work of breathing 
leads to alveolar hypoventilation and hypoxia. 


DIAPHRAGM 


The diaphragm (see p. 236), by virtue of its attachment 
and actions, serves as a pressure partitioner and force 
transmitter. Normal length and strength of this muscle 
are essential for these functions. Limited or excessive 
excursion of the diaphragm reduces its effectiveness in 
both inspiration and expiration. 

In certain respiratory conditions (e.g., emphysema), 
the diaphragm is not able to return to a dome-shaped 
contour on relaxation; rather, it is held in a shortened, 
flattened position. Both pressure-generating capability 
and inspiratory capacity are reduced, because the lungs 
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remain in a partially inflated state at the resting level. 
Also, the ability of the diaphragm to act as a force trans- 
mitter and to assist in emptying the lungs is reduced. 

The abdominal viscera, supported by the abdominal 
muscles, normally limit the downward descent of the di- 
aphragm during inspiration and assist with its upward 
movement during expiration. Under abnormal circum- 
stances, mere can even be a reverse action of the diaphragm. 
A dramatic example was seen in an infant with po- 
liomyelitis who was placed in a respirator. The muscles of 
the abdomen, which normally are weak in infants, were 
paralyzed. During the positive-pressure phase, air was 
forced out of the lungs, and the diaphragm moved upward. 
During the negative-pressure phase, air was drawn into the 
lungs with a momentary expansion of the rib cage, fol- 
lowed by excessive descent of the diaphragm into the ab- 
dominal cavity. The abdomen ballooned as the viscera 
moved downward. By virtue of the attachment of the di- 
aphragm to the inner wall of the chest, the ribs were drawn 
downward and inward, causing the rib cage to "cave in" as 
the diaphragm descended into the abdominal cavity— 
completely defeating the function of this muscle. Within 
hours, a support in the form of a tiny corset was made and 
applied to restrict the ballooning of the abdomen and help 
to prevent the excessive descent of the diaphragm and the 
devastating effect of this on the rib cage. 
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DIAPHRAGM 


Origin, Sternal Part: Two fleshy slips from dorsum of 
the xiphoid process. 


Origin, Costal Part: Inner surfaces of the lower six 
costal cartilages and lower six ribs on either side, inter- 
digitating with the transversus abdominis. 


Origin , Lumbar Part: By two muscular crura from the 
bodies of the upper lumbar vertebrae and by two fibrous 
arches on either side, known as the medial and lateral ar- 
cuate ligaments, which span from the vertebrae to the 
transverse processes and from the latter to the 12th rib. 


Insertion: Into the central tendon, which is a thin, strong 
aponeurosis with no bony attachment. Because the ante- 
rior muscular fibers of the diaphragm are shorter than 
the posterior muscular fibers, the central tendon is situ- 
ated closer to the ventral than to the dorsal part of the 
thorax. 


Action: The dome-shaped diaphragm separates the tho- 
racic and abdominal cavities and is the principal mus- 
cle of respiration. During inspiration, the muscle con- 
tracts, and the dome descends, increasing the volume 
and decreasing the pressure of the thoracic cavity while 
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decreasing the volume and increasing the pressure of 
the abdominal cavity. The descent of the dome or cen- 
tral tendon is limited by the abdominal viscera, and 
when descent occurs, the central tendon becomes the 
more fixed portion of the muscle. With continued con- 
traction, the vertical fibers that are attached to the ribs 
elevate and evert the costal margin. The dimensions of 
the thorax are constantly enlarged craniocaudally, an- 
teroposteriorly. and transversely. During expiration, the 
diaphragm relaxes, and the dome ascends, decreasing 
the volume and increasing the pressure of the thoracic 
cavity while increasing the volume and decreasing pres- 
sure of the abdominal cavity. 





Not©! In cases of pulmonary pathology (e.g., em- 
physema), the dome of the diaphragm is so de- 
pressed that the costal margin or base of the tho- 
rax cannot be expanded. 


Nerve: Phrenic, C3, 4, 5. 
Tests: See pp. 240 through 241. 





Intercostal Muscles 


The external intercostals arise from the lower borders of 
the ribs and attach to the upper borders of the ribs be- 
low. Similarly, the internal intercostals arise on the in- 
ner surfaces of the ribs and costal cartilages and insert 
on the upper borders of the adjacent ribs below. The 
body has two layers of these rib cage muscles "every- 
where except anteriorly in the interchondral region and 
posteriorly in the areas medial to the costal angle" (38). 

These muscles play an important postural as well as 
a respiratory role. They stabilize and maintain the shape 
and integrity of the rib cage. Anatomically, they appear to 
be extensions of the external and internal oblique muscles. 

Debate persists as to the exact respiratory function 
of these muscles. It seems that at least the exposed an- 
terior portion of the internal intercostals (i.e., paraster- 
nal, intercartilaginous) acts as an inspiratory muscle 
along with the external intercostals, elevating the ribs 
and expanding the chest. The posterior portion (i.e., in- 
terosseous) of the internal intercostals depresses the ribs 
and acts in an expiratory capacity. 

Some have suggested that the function of these mus- 
cles varies with lung volume and depth of respiration as 
the position and slope of the ribs to which they are at- 
tached changes. These muscles are always active during 
speech. During controlled expiration, they perform an 
important "braking action" that minimizes the static re- 
coil of the lungs and the chest wall. Singers make much 
use of this expiratory action of the intercostals. 

Breathing is possible when the intercostals are par- 
alyzed, but sucking and blowing capacity is diminished. 





Scalanes 


The anterior, medial, and posterior scalenes are acces- 
sory muscles of inspiration that function as a unit. By 
elevating and firmly fixing the first and second ribs, they 
aid in deep inspiration. The scalenes have been observed 
to be active during quiet breathing and have been clas- 
sified by some researchers as primary rather than acces- 
sory muscles. 

The scalenes may become active during expiratory 
efforts as well. According to Egan, "the expiratory func- 
tion of the scalene muscles is to fix the ribs against the 
contraction of the abdominal muscles and to prevent 
herniation of the apex of the lung during coughing" (39). 
(See also pp. ISO and 148-149.) 


Sternocleidomastoid 


This muscle is considered by many to be the most 
important accessory muscle of inspiration. For the 
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Movement of the rib cage is also limited, and ability to 
stabilize the rib cage is decreased. 


Abdominal Muscles 


The abdominal muscles are the internal obliques, exter- 
nal obliques, rectus abdominis, and transversus abdo- 
minis. (See pp. 194-198.) These muscles are the chief 
expiratory muscles, but they are also active toward the 
end of inspiration. The most important muscles at the 
end of inspiration and the beginning of expiration are 
those with little or not flexor action. Specifically, the 
lower fibers of the internal obliques and transversus are 
most active, along with the lateral fibers of the external 
obliques. 

These muscles must be able to contract sufficiently 
to raise the intra-abdominal pressure to meet increased 
demands of breathing—especially sudden, expulsive 
acts. Pressure generated in this way is transmitted to the 
thoracic cage by the diaphragm to assist with emptying 
the lungs. 

The transversus arises from the cartilages of the 
lower six ribs and interdigitates with the diaphragm. The 
quadratus lumborum, by virtue of its insertion on the 
12th rib, anchors the rib cage and so aids diaphragmatic 
action in inspiration as well as expiration. 

The external oblique muscles cover a major portion 
of the lower thorax because some fibers interdigitate 
with the lower serrations of the serratus anterior. In- 
creased abdominal activity (particularly of the external 
oblique) reduces fluctuations of thoracic cage volume 
and helps to maintain constancy of pressure. 





ACCESSORY MUSCLES OF RESPIRATION 


sternocleidomastoid to act in this capacity, the head and 
neck must be held in a stable position by the neck flexors 
and extensors. This muscle "pulls from its skull insertions 
and elevates the sternum, increasing the A-P diameter of 
the chest" (39). It contracts during moderate and deep in- 
spiration. When the lungs are hyperinflated, the stern- 
ocleidomastoid is especially active. Electrical activity is 
sometimes evident during quiet inspiration (34). This 
muscle is not active during expiration. (See pp. 125 and 
148, 149.) 


Serratus Anterior 


This muscle arises from the upper eight or nine ribs, 
and it inserts on the costal surface of the medial border 
of the scapula. Its primary action is to abduct and ro- 
tate the scapula and hold the medial border firmly 
against the rib cage. 

Some studies have "disproved" a respiratory role for 
the serratus anterior muscle. Gray's Anatomy (37th ed.) 
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ACCESSORY MUSCLES OF RESPIRATION 


ed.) notes, however, that one such study (Catton and 
Gray, 1957) "ignored the effects of fixing the scapula by 
grasping, e.g., a bedrail or railing, as asthmatics and ath- 
letes certainly do!" (40). 

When the scapula is stabilized in adduction by the 
rhomboids, thereby fixing the insertion, the serratus can 
assist in forced inspiration. It helps to expand the rib 
cage by pulling the origin toward the insertion. Because 
it takes a stronger serratus to move the rib cage than to 
move the scapula, a person with only fair strength may 
be able to move the scapula in abduction but have diffi- 
culty expanding the rib cage with the scapula fixed in 
adduction. Consequently, weakness in this muscle di- 
minishes its ability to be recruited to meet increased 
inspiratory needs. (See p. 333.) 


Pectoralis Major 


The pectoralis major is a large, fan-shaped muscle that is 
active in deep or forced inspiration but not in expiration. 
Egan considers this muscle to be the third most important 
accessory muscle and describes its mechanism of action 
as follows: "If the arms and shoulders are fixed, as by 
leaning on the elbows or firmly grasping a table, the pec- 
toralis major can use its insertion as an origin and pull 
with great force on the anterior chest, lifting up ribs and 
sternum and increasing thoracic A-P diameter" (39). 


Pectoralis Minor 


The pectoralis minor assists in forced inspiration by 
raising the ribs, thereby moving the origin toward the in- 
sertion. The insertion must be fixed by stabilizing the 
scapula in an optimal position that prevents anterior tilt 
with depression of the coracoid process downward and 
forward. This stabilization is accomplished by the lower 
and middle trapezius. (See pp. 329 and 330.) 


Upper Trapezius 


The trapezius muscle is discussed in detail on pages 326 
and 331. The ventilatory role of the upper trapezius is to 
assist with forced inspiration by helping to elevate the 
thoracic cage. The insertion of the upper fibers onto the 
lateral ^ of the clavicle ensures the participation of this 
portion of the muscle whenever clavicular breathing is 
needed for ventilation. 


Latissimus Dorsi 


Although the respiratory role of the latissimus dorsi is 
essentially in forceful expiration, this muscle also has a 
role in deep inspiration. The anterior fibers, which are 
active during trunk flexion, assist in expiration; the pos- 
terior fibers, which are active during trunk extension, as- 
sist in inspiration. (See p. 324, 325.) 


Erector Spinae (Thoracic) 


The thoracic erector spinae muscles extend the thoracic 
spine and aid inspiration by raising the rib cage to per- 
mit full expansion of the chest. (See pp. 177-179.) 





Iliocostals Lumborum 


This erector spinae muscle inserts onto the inferior an- 
gles of the lower six or seven ribs and can assist as an 
accessory muscle of expiration. (See pp. 178, 179.) 


Quadratus Lumborum 


The quadratus lumborum fixes the posterior fibers of 
the diaphragm by holding down the 12th rib so that it 
is not elevated along with the others during respiration. 
(See p. 183.) 


Other Accessory Muscles 


The following muscles cannot be tested manually and 
are inaccessible to palpation. 


Serratus Posterior Superior: This inspiratory muscle 
is attached to the second through fifth ribs and arises on 
the spines of the seventh cervical and upper two or three 
thoracic vertebrae. It lies beneath the fibers of the rhom- 
boids and trapezius, and it expands the chest by raising 
the ribs to which it is attached. 


Serratus Posterior Inferior: This muscle inserts on 
the lower four ribs and arises on the spines of the lower 
two thoracic and upper two or three lumbar vertebrae. 
It acts to draw the ribs backward and downward. Usu- 
ally, it is considered to be an accessory muscle of 
expiration, although some research list it as an inspira- 
tory muscle (34,41). 


Leva tores Costa rum: These 12 strong, fan-shaped mus- 
cles are parallel with the posterior borders of the exter- 
nal intercostals. Their action is to elevate and abduct the 
ribs and to extend and laterally flex the vertebral col- 
umn. They are considered to be inspiratory muscles. 
They arise from the transverse processes of the seventh 
cervical and upper 11 thoracic vertebrae, and they insert 
onto the rib immediately below each vertebra. 


Trans versus Thoracis: This muscle (and other muscles 
of the innermost layer of the thorax) acts in an expira- 
tory capacity to decrease the volume of the thoracic cav- 
ity. The transversus thoracis (i.e., triangularis stemi) is 
an expiratory muscle on the ventral thoracic wall. It nar- 
rows the chest by depressing the second through sixth 
ribs. It arises from the xiphoid cartilage and sternum, 
and it inserts onto the lower borders of the costal carti- 
lages of these ribs. Its caudal fibers are continuous with 
the transversus abdominis. 

Also in this layer are the intercostales intimi and the 
subcostales. The latter muscles on the lower dorsal tho- 
racic wall bridge two or three intercostals spaces, and 
they act to draw the ribs together. 


Subclavius: This is a shoulder girdle muscle that arises 
on the first rib and cartilage and inserts on the under- 
surface of the clavicle. It draws the clavicle downward 
and stabilizes it. The action of this muscle suggests it is 
important in the avoidance of clavicular breathing when 
this is not appropriate. 
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Inspiratory Muscles 





Diaphragm 









Levator costarum (3) 











External intercostals 









Accessory 


Internal intercostals, anterior (1]! 








Scaleni 











Sternocleidomastoid 








Trapezius 








Serratus anterior 








Serratus posterior, superior (3) 








Pectoralis major 








Pectoralis minor 




















Latissimus dorsi Ё 
Erector spinae, thoracic 
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Subclavius (3) TE 
Expiratory Muscles 





Abdominal muscles 















Internal oblique 











External oblique 








Rectus abdominis 





Transversus abdominis 














Internal intercostals, posterior (2) 










Transversus thoracis (3) 








Latissimus dorsi 

















Serratus posterior inferior (3) 








Quadratus lumborum 














Diocostalis lumborum 


























(1) Also called parasternal or intercartilaginous 
(2) Also called interosseus 
(3) Cannot be tested manually. 
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MUSCLES OF RESPIRATION 





Normal inspiration: intercostal and diaphragmatic 





Inspiration: diaphragmatic 


MUSCLES OF RESPIRATION 





Forced expiration: intercostal, abdominal, and accessory muscles. 





CORRECTIVE EXERCISES: LOW BACK 
AND ABDOMINALS 





Exercises in the lying position should be done on a firm surface (e.g., a board 
on the bed, a treatment table or the floor, with a thin pad or folded blanket 
placed on the hard surface for comfort). 

Stretching exercises should be preceded by gentle heat and massage to 
help relax tight muscles. (Avoid using heat on weak, overstretched muscles.) 
Stretching should be done gradually, with a conscious effort to relax. Continue 
until a firm, but tolerable "pull" is felt, breathing comfortably while holding the 
stretch, then return slowly from the stretched position. 

Strengthening exercises should also be done slowly, with an effort to feel 
a strong "pull" by the muscles being exercised. Hold the completed position 
for several seconds, then relax and repeat the exercise the number of times 


indicated by your therapist. 











Wate is 
Low Back Stretching 
Face-lying Position: Place a firm pillow un- 
der the abdomen (not under the hips) and 
a rolled towel under the ankles. Lying on a 
firm pillow puts low back muscles on a 
slight stretch. 

Back-lying Position: Slowly pull both 
knees toward the chest, gently stretching 
the low back muscles just enough to flatten 
low back on table. 

















Trunk Rotation in Back-Lying Position 
Starting Position: Lying on the floor with 
knees bent and feet flat. 

Slowly move the knees toward the left, 
rotating the lower trunk. Return to midline 
and repeat toward the other side. Do NOT 
move arms from starting position and keep 
feet on floor during the exercise. 














Lower Abdominal Exercise and 
Low Back Stretching 


Back-lying Position: Bend knees and place 
feet flat on table. With hands up beside head, 
tilt pelvis to flatten low back on table by 
pulling up end in with lower abdominal mus- 
cles. Keep low back flat and slide heels down 
along table. Straighten legs as much as pos- 
sible with back held flat. Keep back flat and 
return knees to bent position, sliding one leg 
back at a time. (Do NOT use buttock muscles 
to tilt pelvis and do NOT lift feet from floor.) 








Lower Abdominal Exercise 

Back-ying Position: Place a rolled towel or 
small pillow under knees. With hands up be- 
Side head, tilt pelvis to flatten low back on 
table by pulling up and in with lower ab- 
dominal muscles. Hold back flat and breathe 
in and out easily, relaxing upper abdominal 
muscles. There should be good chest expan- 
Sion during inspiration, but back should not 
arch. (Do NOT use buttock muscles to tile 
the pelvis.) 
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ABDOMINAL STRENGTHENING 
EXERCISES 











Wall-Standing Postural Exercises 


Stand with back against a wall, 
heels about 3 inches from wall. 
Knees should be straight, but not 
locked. Place hands up beside head 
with elbows touching wall. Tilt 
pelvis to flatten low back against 
wall by pulling up and in with the 
lower abdominal muscles. Keep 
arms in contact with wall and move 
arms slowly to a diagonally over- 
head position. 



























Modified Upper Abdominal Strengthening 
(from forearm prop for marked weakness) 
Maintain trunk curl position without eleva- 
tion or trunk rotation. 

Starting Position: Forearm prop with trunk 
curl; head in neutral position. 

1.Reach forward with right arm, maintain- 
ing trunk curl. Hold. Return to starting posi- 
tion. Repeat with left arm. 

2. Reach forward with right arm. Hold. 
Reach forward with left arm. Return right 
arm, then left arm to starting position. 








External Oblique Abdominal Strengthening 
Seated in a chair with feet on floor and 
knees together and facing forward, slowly 
rotate trunk toward the left, using diagonal 
abdominal muscles. Hold. Return to midline 
and repeat toward the other side. 








Upper Abdominal Strengthening 


In back-lying position, tilt pelvis to flatten 
low back on table by pulling up and in with 
lower abdominal muscles. With arms for- 
ward, raise head and shoulders up from 
table. Do NOT attempt to come to sitting 
position, but raise upper trunk as high as 
back will bend. As strength progresses, 
arms may be folded across chest, and later 
placed behind head to Increase resistance 
during the exercise. 
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INTRODUCTION 


Differential diagnosis of problems of the shoulder girdle 
requires that special attention be paid to the innervation 
of the muscles. The shoulder girdle and upper extremity 
have many muscles that are supplied by nerves that are 
motor-only. With no sensory innervation, the result can 
be a loss of function without symptoms of pain. An ex- 
ample is the extreme weakness of the serratus anterior 
muscle, illustrated on the bottom of page 336. (In con- 
trast to many in the upper extremity, only four lower ex- 
tremity muscles have motor-only innervation. See pages 
252-253.) 

Ordinarily, the terms joint and articulation are used 
inter-changeably. However, this text provides a distinc- 
tion between the two. Differentiating them serves a spe- 
cial purpose. With joint referring to a "bone to bone" 
connection and articulation referring to a "bone to mus- 
cle to bone" connection, the role of muscle has been 
made very clear. Pages 297 through 299 define and il- 
lustrate the use of the terms. The charts on pages 300 
and 301 provide information regarding the 10 classifica- 
tions for 25 articulations of the shoulder girdle. 

No longer should the shoulder girdle be considered 
incomplete as commonly described. Recognition of the 
vertebroscapular and vertebroclavicular articulations 
posteriorly, and the costoscapular and costoclavicular ar- 
ticulations anteriorly, makes the shoulder girdle com- 
plete. Reference to attachments of scapular muscles to 
the dorsal thorax via the "scapulothoracic joint" should 
no longer be necessary. 

The glenohumeral joint provides freedom of motion 
in all directions for the upper extremity as a whole. Sta- 
bility in certain positions is obtained by the coordinated 
action of muscles. The elbow joint provides free motion 
in the direction of flexion, and stability in the position 
of zero extension (180° angle). By virtue of forearm 
supination and pronation, the extended hand can be 
moved from the anatomical position facing forward to 
facing backward. The wrist joints provide for flexion 
and extension, abduction and adduction, but not for ro- 
tation. Text and charts on page 295 are devoted to range 
of joint motions and to strength testing of the fingers and 
thumb. 

This chapter includes discussions regarding faulty 
and painful conditions of the upper back and arm. Brief 
reviews of several cases of nerve injuries show the value 
of the Spinal Nerve and Muscle Chart as an aid in dif- 
ferential diagnosis. 
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SECTION |: INNERVATION 





BRACHIAL PLEXUS 

The brachial plexus arises just lateral to the scalenus 
anterior muscle. The ventral rami of C5, 6,7, and 8, and 
the greater part of Tl. plus a communicating loop from 
Са to CS and one from T2 (sensory) to ТІ, form (suc- 
cessively) the roots, trunks, divisions, cords and 
branches of the plexus. 

Ventral rami containing CS and C6 fibers unite to 
form the superior (upper) trunk. 'Those containing C7 
fibers form the middle trunk. Those containing CS and 
ТІ fibers unite to form the inferior (lower) trunk. Next, 
the trunks separate into anterior and posterior divisions. 
The anterior divisions from the superior and middle 
trunks, composed of CS, 6, and 7 fibers, unite to form 
the lateral cord. The anterior division from the inferior 
trunk, composed of C8 and ТІ fibers, forms the medial 
cord, and the posterior divisions from all three trunks, 
composed of C5 through CS (but not ТІ) fibers, unite to 


form the posterior cord. 


The cords then divide and reunite into branches that 
become peripheral nerves. The posterior cord branches 
into the axillary and radial nerves. The medial cord, af- 
ter receiving a branch from the lateral cord, terminates 
as the ulnar nerve. One branch of the lateral cord be- 
comes the musculocutaneous nerve; the other branch 
unites with one from the medial cord to form the median 
nerve. Other peripheral nerves exit directly from various 
components of the plexus, and some exit directly from 
the ventral rami. (See the left column and top of Spinal 
Nerve and Muscle Chart, p. 27.) 

The anterior divisions, the lateral and medial cords, 
and the peripheral nerves arising from them innervate 
anterior or flexor muscles of the upper extremity. The 
posterior division, the posterior cord, and the peripheral 
nerves arising from them innervate the posterior or ex- 
tensor muscles of the upper extremity. 
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MOTOR AND SENSORY 


The following is a brief description of the relationship 
of the nerves and muscles. This material is chiefly from 
Gray's Anatomy (1). 


Axillary: Leaves the axilla through the space bounded 
by the surgical neck of the humerus, teres major, teres 
minor, and long head of the triceps and supplies the del- 
toid and teres minor. 


Musculocutaneous: Pierces the coracobrachialis, and 
supplies this muscle as well as the biceps and brachialis. 


Radial: The posterior interosseous branch divides into 
a muscular and an articular branch. The muscular branch 
supplies the extensor carpi radialis brevis and the eu- 
pinator before passing between the superficial and deep 
layers of the supinator muscle. After passing through the 
supinator, it supplies the remaining muscles, that are in- 
nervated by the radial nerve. (See p. 251.) 


Median: Passes between the two heads of the pronator 
teres and under the flexor retinaculum. It is distributed 
to the forearm and hand. (See Spinal Nerve and Muscle 
Chart, p. 251, for a list of muscles innervated.) 


Spinal Accessory: Anatomy texts describe the spinal 
accessory nerve as being purely motor. A 1999 study by 
Bremner-Smith and Unwin, however, "shows that the 
spinal accessory nerve does not contain solely motor 
fibers, it also contains small unmyelinated C fibers 
associated with pain, temperature and mechanoreceptive 
reflex responses" (2). 


Ulnar: The medial cord of the plexus terminates as the 
ulnar nerve. It supplies branches to the elbow joint, to 
the flexor carpi ulnaris and to the flexor digitorum 
profundus. (See p. 27 or p. 347 for a complete list of 
muscles supplied by the ulnar nerve). 


MOTOR ONLY 


For years, the senior author has been gathering informa- 
tion about which muscles are supplied by purely motor 
nerves. Some typewritten pages listing the peripheral 
nerves and whether they were sensory, motor, or both 
date back to the late 1930s, but these pages had no ref- 
erence source noted. A 1932 Dorland's Medical Dictio- 
nary had a table of nerves that included this information 
(3); An article on serratus anterior paralysis stated, "The 
long thoracic nerve or external respiratory nerve of Bell 
is almost unique in that it arises directly from the spinal 
nerve roots, carries no known sensory fibers, and goes 
to a single muscle of which it is the sole innervation of 
consequence" (4). Later, a table was found in Tabers 
dictionary (5). The 1988 edition of Dorland's did not 
have the tables included in an earlier edition, but the in- 
formation was found in conjunction with the description 
of each nerve (6). Finally, scattered bits of information 
have come from some of the many books and articles on 
nerve injuries, compression and entrapments (7-13). 


Surprisingly, as the information was compiled, a 
very interesting pattern has developed. The chart on the 
following page shows that the nerves from the roots, 
trunks and cords of the brachial plexus to muscles are 
motor nerves. In addition, the anterior and posterior in- 
terosseous nerves, which are branches of the median and 
radial nerves, respectively, are purely motor to the mus- 
cles they supply (5, 11-13). Several of the nerves have 
sensory branches to joints. Of the suprascapular nerve, 
Hadley et al., state that it "gives off motor branches to 
the muscles and sensory branches to the shoulder and 
acromioclavicular joints" (8). In addition, Dawson et al., 
state, "Since there is no cutaneous territory for this nerve, 
there are no characteristic sensory symptoms or findings 
in any lesion of this nerve" (14). Conway et al., state that 
"entrapment of the posterior interosseous nerve is purely 
motor and has no associated sensory loss of dysesthetic 
pain" (15). 

The lack of sensory fibers provides the explanation 
for the lack of sensory symptoms in the muscles sup- 
plied by nerves that are only motor. (See discussion and 
examples, pp. 337-339.) There may be a sensory branch 
to ajoint or joints but not to the muscle. 
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© 2005 Florence P. Kendall. Author grants permission to reproduce for 


personal use but not for sale. 





Scapular Muscles 





Trapezius 





Levator scapulae 





Rhomboids, major 
and minor 


Serratus anterior 


Pectoralis minor 





Spinal Segment 


(Cervical 








































longus. Profundus, 








1 and 2 









SCAPULAR MUSCLE CHART 















































Downward Upward 
hs Ts m or Lateral Anterior 
Elevation luction otalion _ Rotation i i i 
i |8 a Abduction Tirt 
Upper Trapezius Trapezius Lower 
Trapezius Trapezius 
——— -+ A E LIUM 
Levator Levator 
scapulae scapulae 
—4— — 
Rhomboids Rhomboids | Rhomboids 
m -4— + 4- -= д: | 
Upper Serratus Lower Serratus 
cous | anterior Serratus anterior 
anterior anterior 
AS а = 
| 
| Pectoralis 
| тїпог 





















































254 


Spinal Segment 


CHART OF UPPER EXTREMITY MUSCLES 


Listed according to Spinal Segment Innervation and Grouped According to Joint Action 
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CHART Of UPPER EXTREMITY MUSCLES 





UPPER EXTREMITY MUSCLES 
Listed according to Spinal Segment Innervation and Grouped According to Joint Action, Continued 




















. CARPOMETACARPAL OF THUMB & LITTLE FINGER PUN с" 
—— WRIST | AND METACARPOPHALANGEAL JOINTS - | udis | оа bs DSTA — 
Flexion | Extension Abduction Flexion п | Adduction j pt ATER ES 
— J- Abduction- J- Adduction-.— + Oppositi Extension | Flexion | Extension | г, 
| 
Li ь : 4 4 1н 
i zal | 4 4 } 4 | 
4 + + | 
+ + + T T - 
+ | | 
4 4 1 } t SEX 
+ + } П } 4 
T 
+ | 4 4 | | 4 
| | | 4 | 4 1 | 
i&tlcr.l&b | exter lab | | | | | | [ 
} Sad. 4 + i } | 
T 1 
+ —+ + + + + + + + | 
—————À- a | + + + + + 
Fl. с. rad. | Fl. c. rad. ж. ] 
* li ah Hed | | | - + | 
— + } 4 4 
: Ext. dig Ext. dig |Ext. dig. Ext dig Ext. dig. Ext. dig. 
ү 4 4 +——— 1—— + t + at 
[ [Ext dig. mm | Eit dig mm | Ext dig. min. | Ext dig. min 
Extc. ul. Ext. c. ul. | Ї Ї 1 
+ 4 4 4 } t 
Abd. poll. 1. Abd. poll. 1. Abd. роо. 1 Abd. poll. 1. | | | 
| Ex. poll. b. | Text. poll. b. | Ext. pölb | WH A » | 
EE 1 4 + i 4 VITA. | 
11. II. 1. 
р + ——1-Ехї{ poll. 1. [Exc bol 4 МИМ. WA Ext. poll. 1. | 
| { | Ext ina. Ext ind. | Ext. ind. | Ext: ina | 
4 | | | | | 
- 4 + | 4 4 | 1 
Palm. 1 | T T 1 
+ 4 4 4 — 
Fl. poll. 1. Fl. poll. 1. П V t 
тыл Г p Sae TUZA ана 
а на [д 1 | Lumb. 1. Il Lumb 1.1 Lumb. 1.it | 
+ + T T 7777777, — + 
Abd. pod. b. | poll. Л | 
I | | Pod. b. Abd. poll.b. | Abd. poll. b. | Aba. pofi b. | Г Abd. рой b. 
| 1зрр. poll. 7 T 
T "mu Ї TR poll.b.(s) Fi. poa bi (S). 7 y | 
{ я l. b. (s) |. poa bi (s) A f 1 
L 1: | 1 1 | | + 4 LL 22 HAT. pol, bt, 9 | 
4 | } 4 4 4 | 
F1. c. ul. | Fl.c. ш. | | | 
| ЖЕДЕ | T Ini di | T if T 
. sup. | : dig. sup. i 
вс) | | Pi dig. sup. | Ft dig sup 
l. dig. pro. Fl dig. pro. i IW 
F | | | | ig. pro. | Р dig. pro. (PI. dig. pro. 
= | | | | | 4 | 
| Abd. d. min. Abd, d. mm. UM d. mm. Abd. d. mm. Abd. d. пт ] 
+ =! 4 4 | 4 4 1 | 
L | Орр. 4. тїа T 
{ 4 i } n | | 
Fidmm |11 апт | 
+ + + T t + 
| | ] |шть. I M | Lumb Ш. IV Lumb. Il. IV 
| j | | Gor imt Corin | Gor. int. зот. | 
+ + + + | 
| | Paim. int | Palm. int. |Palm. int Palm. t. | 
Е poll.bid) Р. pofl. b. (d) / 
E, 4 і n $ 
| ‘Add. pol. Aid. pod. | Add. рой 














© 1993 Florence P. Kendall. Author grants permission to reproduce for personal use but not for sale. 






























Medical portal MedWedi.ru 






CUTANEOUS NERVES OF THE UPPER 
LIMB: ANTERIOR VIEW 
























Supraclavicular nerves (C3. C4) 


Upper lateral brachial cutaneous nerve 
(cutaneous branch of axillary nerve) 


- Intercostobrachial nerve 


Medial brachial cutaneous nerve 


Lower lateral brachial cutaneous nerve 


Medial antebrachial cutaneous nerve 


Posterior antebrachial cutaneous nerve 


Lateral antebrachial cutaneous nerve 


(cutaneous branch of musculocutaneous nerve) —— Ulnar branch 


(posterior branch) 


Posterior antebrachial cutaneous nerve Of medial 
antebrachial 
cutaneous 


Lateral antebrachial | Posterior branch nerve 


cutaneous nerve] Anterior branch AI AT 


Radial nerve, superficial branch Dorsal (cutaneous) branch of ulnar nerve 


Ulnar nerve 
Median jnerve Palmar cutaneous 
IMuscullocutaneous nerve | branches of 
[Radial ћегуе 







Of the five terminal branches of the brachial plexus__ The posterior cord of the plexus is represented by 


musculocutaneous, median, ulnar, radial and axillary five cutaneous nerves. One of these, the upper lateral 


nerves—the first four contribute cutaneous branches to 
the hand. 


brachial cutaneous nerve, is a branch of the axillary 


nerve. 





From Grant's Alias of Anatomy (16); with permission. 
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CUTANEOUS NERVES OF THE UPPER 
LIMB: POSTERIOR VIEW 


Supraclavicular nerves (C3, C4) 






Upper lateral brachial cutaneous nerve 


Intercostobrachial nerve ž 
(cutaneous branch of axillary nerve) 





Posterior brachial cutaneous nerve 
(cutaneous branch of radial nerve) —— 


Lower lateral brachial 
cutaneous nerve 


Cutaneous branches 
of radial nerve 


Medial ante brachial cutaneous nerve, 
ulnar (posterior) branches 


Posterior antebrachial 
cutaneous nerve 






Posterior antebrachial cutaneous nerve 


Lateral antebrachial cutaneous nerve, 
posterior branch 


The other branches of the posterior cord are the pos- cutaneous nerve and the superficial branch of the ra- 
terior brachial cutaneous nerve, the lower lateral dial nerve. 
brachial cutaneous nerve, the posterior antebrachial 


From Grant's Atlas of Anatomy (16); with permission. 
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SECTION 11: HAND, WRIST, 
FOREARM, AND ELBOW 


MOVEMENTS OF THUMB AND 
FINGER JOINTS 


Metacarpophalangeal and 
Interphalangeal Joint of Thumb 


The metacarpophalangeal joint of the thumb is a condy- 
loid joint between the distal end of the first metacarpal 
and the adjacent end of the proximal phalanx. The in- 
terphalangeal joint of the thumb is a ginglymus or hinge 
joint between the proximal and distal phalanx. 

Flexion and extension are movements in an ulnar 
and a radial direction, respectively. The zero position 
of extension is reached when the thumb moves in the 
plane of the palm to maximum radial deviation. From 
zero extension, the metacarpophalangeal joint permits 
approximately 60° of flexion and the interphalangeal 
joint approximately 80° of flexion. The metacarpopha- 
langeal joint also permits slight abduction, adduction 
and rotation. 


Carpometacarpal Joint of Thumb 


The carpometacarpal joint of the thumb is a reciprocal 
reception or saddle joint formed by the union of the tra- 
pezium with the first metacarpal. The zero position of ex- 
tension is one in which the thumb has moved in a radial 
direction and is in the plane of the palm. Flexion is move- 
ment in an ulnar direction, with a range of approximately 
40° to 50° from zero extension. The thumb can be fully 
flexed only if this movement is accompanied by some 
degree of abduction and medial rotation. 


Adduction and abduction are movements perpendi- 
cular to the plane of the palm, with adduction being to- 
ward and abduction away from the palm. With the posi- 
tion of adduction as zero, the range of abduction is 
approximately 80°. 

The range of rotation at the carpometacarpal joint is 
slight, and this movement does not occur independently. 
The slight rotation, however, that results from a combi- 
nation of basic movements is of significance. 

In the thumb and little finger, opposition is a combi- 
nation of abduction and flexion with medial rotation of 
the carpometacarpal joints and flexion of the metacar- 
pophalangeal joint. To ensure opposition of the thumb and 
little finger, the palmar surfaces (rather than the tips) of 
the distal phalanges must be brought into contact with 
each other. Touching the tips of the thumb and little fin- 
ger to each other can be done without any true opposition. 

The movements of opposition are accomplished by 
the combined actions of the respective opponens and 
metacarpophalangeal flexors. In the thumb, these are 








the opponens pollicis, abductor pollicis brevis, and 
flexor pollicis brevis. In the little finger, these are the 
opponens digiti minimi, flexor digiti minimi, fourth 
lumbricalis, and fourth palmar interosseous, assisted by 
the abductor digiti minimi. 

Circumduction is a combination of movements that 
includes flexion, abduction, extension, and adduction, 
performed in sequence, by this saddle joint. With the 
apex at the carpometacarpal joint, the first metacarpal 
bone describes acone, and the tip of the thumb describes 
a circle. 


Interphalangeal Joints off Fingers 


The interphalangeal joints of the fingers are ginglymus 
or hinge joints formed by uniting the adjacent surfaces 
of the phalanges. 

Flexion and extension occur about a coronal axis. 
They describe an arc from 0° extension to approximately 
100° of flexion for the proximal interphalangeal joints 
and 80° for the distal interphalangeal joints. 


Metacarpophalangeal Joints off Fingers 


The metacarpophalangeal joints of the fingers are condy- 
loid joints formed by the uniting the distal ends of the 
metacarpals with the adjacent ends of the proximal 
phalanges. 

Flexion and extension occur about a coronal axis, 
with flexion in an anterior direction and extension in a 
posterior direction. With the extended position as zero, 
the metacarpophalangeal joints flex to approximately 
90°. In most people, some extension beyond zero is pos- 
sible, but for practical purposes, the straight extension of 
this joint, when the interphalangeal joints are also ex- 
tended, is considered to be normal extension. 


Abduction and adduction occur about a sagittal axis. 
The line of reference for abduction and adduction of the 
fingers is the axial line through the third digit. Abduc- 
tion is movement in the plane of the palm away from the 
axial line, spreading the fingers widely apart. The third 
digit may move in abduction both ulnarly and radially 
from the axial line. Adduction is movement in the plane 
of the palm toward the axial line (i.e., closing the ex- 
tended fingers together sideways). 


Circumduction is the combination of flexion, ab- 
duction, extension, and adduction movements performed 
consecutively, in either direction, at the metacarpopha- 
langeal joints of the fingers. Extension in these condy- 
loid joints is somewhat limited; therefore, the base of the 
cone described by the fingertip is relatively small. 
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Carpometacarpal Joints of Fingers 


The carpometacarpal joints of the fingers are formed by 
the union of the distal row of carpal bones with the sec- 
ond, third, fourth, and fifth metacarpal bones, and they 
permit gliding movements. The joint between the ha- 
mate bone and the fifth metacarpal is somewhat saddle- 
shaped and also allows flexion, extension, and slight ro- 
tation. 


MOVEMENTS OF WRIST, 
RADIOULNAR, AND 
ELBOW JOINTS 


Wrist Joint 


The wrist is a condyloid joint formed by the radius and 
the distal surface of the articular disk uniting with the 
scaphoid, lunate, and triquetrum. 

Flexion and extension are movements about a coro- 
nal axis. From the anatomical position, flexion is move- 
ment in an anterior direction, approximating the palmar 
surface of the hand toward the anterior surface of the 
forearm. Extension is movement in a posterior direction, 
approximating the dorsum of the hand toward the poste- 
rior surface of the forearm. Starting with the wrist straight 
(as in the anatomical position) as the zero position, the 
range of flexion is approximately 80° and that of exten- 
sion approximately 70°. The fingers will tend to extend 
when measuring wrist flexion and to flex when measur- 
ing wrist extension. 





HAND, WRIST, FOREARM, AND ELBOW 


Abduction (radial deviation) and adduction (ulnar 
deviation) are movements about a sagittal axis. With the 
hand in the anatomical position, moving it toward the ul- 
nar side also moves it medially toward the midline of the 
body and, hence, is adduction. Moving the hand toward 
the radial side is abduction. With the anatomical position 
as the zero position, the range of adduction is approxi- 
mately 35° and that of abduction approximately 20°. 

Circumduction combines the successive movements 
of flexion, abduction, extension, and adduction of the ra- 
diocarpal joint and the midcarpal joint. The movements 
of these joints are closely related and permit the hand to 
describe a cone. Abduction is more limited than adduc- 
tion, because the radial styloid process extends farther 
caudally than the ulnar styloid process. 


Radioulnar Joint 


The radioulnar joints are trochoid or pivot joints formed 
by the union of the radius and the ulna, both proximally 
and distally. The axis of motion extends from the head 
of the radius proximally to the head of the ulna distally, 
and it allows rotation of the radius about the axis. 

Supination and pronation are rotation movements of 
the forearm. In pronation, the distal end of the radius 
moves from a lateral position, as in the anatomical posi- 
tion, to a medial position. In supination, the distal end 
of the radius moves from a medial to a lateral position. 
The palm of the hand faces anteriorly in supination and 
posteriorly in pronation. 

Shoulder rotation movements can produce move- 
ments of the forearm that resemble supination and prona- 
tion. To ensure forearm movements only, place the arms 
directly at the sides of the body, with the elbows bent at 
right angles and the forearms extended forward. Turn the 
palms directly upward for full supination and directly 
downward for full pronation. 

The neutral, or zero, position is midway between 
supination and pronation—that is, from the anatomical 
position with the elbow extended, the thumb is directed 
forward, and from the anatomical position with the el- 
bow bent at a right angle, the thumb is directed upward. 
The normal range of motion is 90° from the zero posi- 
tion in either direction. 


Elbow Joint 


The elbow is a ginglymus or hinge joint formed by the 
union of the humerus with the ulna and the radius. 

Flexion and extension occur about a coronal axis 
and are the two movements permitted by this joint. Flex- 
ion is movement in the anterior direction, from the zero 
position of a straight elbow to a fully bent position, of 
approximately 145°. Extension is movement in a poste- 
rior direction, from the fully bent position, to the posi- 
tion of a straight elbow. 
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CHART FOR ANALYSIS OF 
MUSCLE IMBALANCE 
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ADDUCTOR POLLICIS 


Origin of Oblique Fibers: Capitate bone and bases of 
the second and third metacarpal bones. 


Origin of Transverse Fibers: Palmar surface of the 
third metacarpal bone. 


Insertion: Transverse head into ulnar side of base of the 
proximal phalanx of the thumb and oblique head into ex- 
tensor expansion. 


Transverse head 
Oblique head 





ADDUCTOR POLLICIS 





Action: Adducts the carpometacarpal joint, and both 
adducts and assists in flexion of the metacarpophalangeal 
joint, so that the thumb moves toward the plane of the 
palm. Aids in opposition of the thumb toward the little 
finger. By virtue of the attachment of the oblique fibers 
into the extensor expansion, may assist in extending the 
interphalangeal joint. 


Nerve: Ulnar, C8, T1. 





Patient: Sitting or supine. 


Fixation: The hand may be stabilized by the examiner 
or rest on the table for support (as illustrated). 


Test: Adduction of the thumb toward the palm. 


Pressure: Against the medial surface of the thumb, in 
the direction of abduction away from the palm. 


Weakness: Results in inability to clench the thumb 
firmly over the closed fist. 


Shortness: Adduction deformity of the thumb. 


| Note: A test that is frequently used to determine 
the strength of the adductor pollicis is the ability to 
hold a piece of paper between the thumb and sec- 
| ond metacarpal. However, an individual with a 
| well-developed adductor, the bulk of the muscle it- 


| self prevents close approximation of these parts. 
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ABDUCTOR POLLICIS BREVIS 


ABDUCTOR POLLICIS BREVIS 


Origin: Flexor retinaculum, tubercle of the trapezium 
bone and tubercle of the scaphoid bone. 


Insertion: Base of the proximal phalanx of the thumb, 
radial side and extensor expansion. 


Action: Abducts the carpometacarpal and metacar- 
pophalangeal joints of the thumb in a ventral direction 
perpendicular to the plane of the palm. By virtue of its 
attachment into the dorsal extensor expansion, extends 
the interphalangeal joint of the thumb. Assists in oppo- 
sition, and may assist in flexion and medial rotation, of 
the metacarpophalangeal joint. 


Nerve: Median, Сб, 7, 8, Т1. 





Patient: Sitting or supine. 
Fixation: The examiner stabilizes the hand. 
Test: Abduction of the thumb ventrally from the palm. 


Pressure: Against the proximal phalanx, in the direction 
of adduction toward the palm. 


Weakness: Decreases the ability to abduct the thumb, 
making it difficult to grasp a large object. An adduction 


deformity of the thumb may result from marked weak- 
ness. 
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OPPONENS POLLICIS 


Origin: Flexor retinaculum and tubercle of the trape- 
zium bone. 


Insertion: Entire length of the first metacarpal bone, ra- 
dial side. 


Action: Opposes (i.e., flexes and abducts with slight 
medial rotation) the carpometacarpal joint of the thumb, 
placing the thumb in a position so that, by flexion of the 
metacarpophalangeal joint, it can oppose the fingers. 
For true opposition of the thumb and little finger, the 
pads of these digits come in contact. Bringing the tips 
of these digits together can be done without action of 
the opponens. 


Nerve: Median, C6, 7, 8, Т1. 





OPPONENS POLLICIS 


Patient: Sitting or supine. 
Fixation: The examiner stabilizes the hand. 


Test: Flexion, abduction, and slight medial rotation of 
the metacarpal bone so that the thumbnail shows in the 
palmar view. 


Pressure: Against the metacarpal bone, in the direction 
of extension and adduction with lateral rotation. 


Weakness: Results in a flattening of the thenar emi- 
nence, extension and adduction of the first metacarpal, 
and difficulty in holding a pencil for writing or in grasp- 
ing objects firmly between the thumb and fingers. 


Note." 77ie attachment of the palmaris longus and 
the opponens pollicis to the flexor retinaculum ac- 
counts for contraction of the palmaris longus dur- 
ing the opponens test. 


Medical portal MedWedi.ru 





FLEXOR POLLICIS LONGUS 


FLEXOR POLLICIS LONGUS 


Origin: Anterior surface of the body of the radius below 
the tuberosity, interosseous membrane, medial border of 
the coronoid process of the ulna, and/or the medial epi- 
condyle of the humerus. 


Insertion: Base of the distal phalanx of the thumb, pal- 
mar surface. 





Action: Flexes the interphalangeal joint of the thumb. 
Assists in flexion of the metacarpophalangeal and car- 
pometacarpal joints, and may assist in flexion of the 
wrist. 


Nerve: Median, C(6), 7, 8, Т1. 





Patient: Sitting or supine. 


Fixation: The hand may rest on the table for support (as 
illustrated), with the examiner stabilizing the metacarpal 
bone and proximal phalanx of the thumb in extension. 
Alternatively, the hand may rest on its ulnar side, with 
the wrist in slight extension and the examiner stabilizing 
the proximal phalanx of the thumb in extension. 


Test: Flexion of the interphalangeal joint of the thumb. 


Pressure: Against the palmar surface of the distal pha- 
lanx, in the direction of extension. 


Weakness: Decreases the ability to flex the distal pha- 
lanx, making it difficult to hold a pencil for writing or 
to pick up minute objects between the thumb and fin- 
gers. Marked weakness may result in a hyperextension 
deformity of the interphalangeal joint. 


Contracture: Flexion deformity of the interphalangeal 
joint. 
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FLEXOR POLLICIS BREVIS 

Origin of Superficial Head: Flexor retinaculum and 
trapezium bone. 

Origin of Deep Head: Trapezoid and capitate bones. 


Insertion: Base of the proximal phalanx of the thumb, 
radial side and extensor expansion. 


FLEXOR POLLICIS BREVIS 





Action: Flexes the metacarpophalangeal and car- 
pometacarpal joints of the thumb, and assists in opposi- 
tion ofthe thumb toward the little finger. By virtue of its 
attachment into the dorsal extensor expansion, may ex- 
tend the interphalangeal joint. 


Nerve to Superficial Head: Median, Сб. 7, 8, ТІ. 
Nerve to Deep Head: Ulnar, C8, TI. 





Patient: Sitting or supine. 
Fixation: The examiner stabilizes the hand. 


Test: Flexion of the metacarpophalangeal joint of the 
thumb without flexion of the interphalangeal joint. 


Pressure: Against the palmar surface of the proximal 
phalanx, in the direction of extension. 


Medical portal IV 


Weakness: Decreases the ability to flex the metacar- 
pophalangeal joint, making it difficult to grip objects 
firmly between the thumb and fingers. Marked weakness 
may result in a hyperextension deformity of the metacar- 
pophalangeal joint. 

Contracture: Flexion deformity ofthe metacarpopha- 
langeal joint. 
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EXTENSOR POLLICIS LON6US 


EXTENSOR POLLICIS LONGUS 


Origin: Middle '/3 of the posterior surface of the ulna 
distal to origin of the abductor pollicis longus, and to the 
interosseous membrane. 


Insertion: Base of the distal phalanx of the thumb, dor- 
sal surface. 


Action: Extends the interphalangeal joint, and assists in 
extension of the metacarpophalangeal and car- 
pometacarpal joints of the thumb. Assists in abduction 
and extension of the wrist. 


Nerve: Radial, C6, 7, 8. 


Patient: Sitting or supine. 


Fixation: The examiner stabilizes the hand and gives 
counterpressure against the palmar surface of the first 
metacarpal and proximal phalanx. 





Test: Extension of the interphalangeal joint of the thumb. 


Pressure: Against the dorsal surface of the interpha- 
langeal joint of the thumb, in the direction of flexion. 


Weakness: Decreases the ability to extend the interpha- 
langeal joint, and may result in a flexion deformity of 
that joint. 





Note: In a radial nerve lesion, the interphalangeal 
joint of the thumb may be extended by action of the 
abductor pollicis brevis, the flexor pollicis brevis, 
the oblique fibers of the adductor pollicis, or the 
first palmar interosseous by virtue of their inser- 
tions into the extensor expansion of the thumb. In- 
terphalangeal joint extension in an otherwise com- 
plete radial nerve lesion should not be interpreted 
as regeneration or partial involvement if only this 
one action is observed. 
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EXTENSOR POLLICIS BREVIS 


Origin: Posterior surface of the body of radius distal to 
origin of abductor pollicis longus, and to the interosseous 
membrane. 


Insertion: Base of the proximal phalanx of the thumb, 
dorsal surface. 


Action: Extends the metacarpophalangeal joint of the 
thumb, and extends and abducts the carpometacarpal 
joint. Also assists in abduction (radial deviation) of the 
wrist. 


Nerve: Radial, C6, 7, 8. 


EXTENSOR POLLICIS BREVIS 





Patient: Sitting or supine. 

Fixation: The examiner stabilizes the wrist. 

Test: Extension of the metacarpophalangeal joint of the 
thumb. 


Pressure: Against the dorsal surface of the proximal 
phalanx, in the direction of flexion. 


Weakness: Decreases the ability to extend the metacar- 
pophalangeal joint, and may result in a position of flex- 
ion of that joint. 
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ABDUCTOR 





POLUCIS LONGUS 


Left posterior 








ABDUCTOR POLUCIS LONGUS 


Origin: Posterior surface of the body of the ulna distal 
to origin of the supinator, interosseous membrane, and 
posterior surface of middle ‘h of the body of the radius. 


Insertion: Base of the first metacarpal bone, radial side. 


Action: Abducts and extends the carpometacarpal joint 
of the thumb, and abducts (radial deviation) and assists 
in flexing the wrist. 


Nerve: Radial, C6, 7, 8. 





Patient: Sitting or supine. 


Fixation: The examiner stabilizes the wrist. 


Test: Abduction and slight extension of the first 
metacarpal bone. 


Pressure: Against the lateral surface of the distal end of 


the first metacarpal, in the direction of adduction and 
flexion. 


Weakness: Decreases the ability to abduct the first 
metacarpal and the wrist. 


Contracture: Abducted and slightly extended position 


of the first metacarpal, with slight radial deviation of the 
hand. 
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OPPONENS DIGIT MINIMI 


Origin: Hook of the hamate bone and the flexor reti- 
naculum. 


Insertion: Entire length of the fifth metacarpal bone, ul- 
nar side. 


Action: Opposes (i.e., flexes with slight rotation) the 
carpometacarpal joint of the little finger, lifting the ul- 
nar border of the hand to a position in which the metacar- 
pophalangeal flexors can oppose the little finger to the 
thumb. Helps to cup the palm of the hand. 


Nerve: Ulnar, C(7), 8, TI. 


OPPONENS DIGIT! MINIMI 





Patient: Sitting or supine. 


Fixation: The hand may be stabilized by the examiner 
or rest on the table for support. The first metacarpal is 
held firmly by the examiner. 


Test: Opposition of the fifth metacarpal toward the first. 


Pressure: Against the palmar surface, along the fifth 
metacarpal, in the direction of flattening the palm of the 
hand. In the illustration, one-finger pressure was used to 
avoid obscuring the belly of the muscle; usually, the 
thumb is used to apply pressure along the fifth 
metacarpal. 


Weakness: Results in a flattening of the palm, and makes 
it difficult, if not impossible, to oppose the little finger 
to the thumb. 
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ABDUCTOR DIGITI MINIMI 





x 





i Flexor Carpi uinaris 


ABDUCTOR DIGITI MINIMI 


Origin: Tendon of the flexor carpi ulnaris and the pisi- 
form bone. 


Insertion: By two slips: one into base of proximal pha- 
lanx of little finger, ulnar side and one into the ulnar bor- 
der of the extensor expansion. 


Action: Abducts, assists in opposition, and may assist in 
flexion of the metacarpophalangeal joint of the little fin- 
ger. By virtue of its insertion into the extensor expan- 
sion, may assist in extension of the interphalangeal joints. 


Nerve: Ulnar, C(7), 8. ТІ. 





Patient: Sitting or supine. 


Fixation: The hand may be stabilized by the examiner 
or rest on the table for support. 


Test: Abduction of the little finger. 


Pressure: Against the ulnar side of the little finger, in 
the direction of adduction toward the midline of the 
hand. 


Weakness: Decreases the ability to abduct the little fin- 
ger and results in adduction of this digit. 





| Note: One should be consistent regarding the 
| placement of pressure during all finger abduction 
and adduction tests. Pressure against the sides of 
the middle phalanges seems to be most appropriate 
| for all these tests. 
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FLEXOR DIGIT: MINIMI 


Origin: Hook of the hamate bone and the flexor reti- 
naculum. 


Insertion: Base of the proximal phalanx of the little fin- 
ger, ulnar side. 


FLEXOR DIGITI MINIMI 





Action: Flexes the metacarpophalangeal joint of the lit- 
tle finger, and assists in opposition of the little finger to- 


ward the thumb. 
Nerve: Ulnar, C(7), 8, Т1. 





Patient: Sitting or supine. 
Fixation: The hand may rest on the table for support or 
be stabilized by the examiner. 


Test: Flexion of the metacarpophalangeal joint, with the 
interphalangeal joints extended. 
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Pressure: Against the palmar surface of the proximal 
phalanx, in the direction of extension. 


Weakness: Decreases the ability to flex the little finger 
and oppose it toward the thumb. 





DORSAL INTEROSSEI 


DORSAL INTEROSSEI 
Origins: 


First, lateral head: Proximal ‘h of the ulnar border of 
the first metacarpal bone. 


First, medial head: Radial border of the second 
metacarpal bone. 


Second, third, and fourth: Adjacent sides of the 
metacarpal bones in each interspace. 


Insertions: Into extensor expansion and to the base of 
the proximal phalanx as follows: 


First: Radial side of the index finger, chiefly to the base 
of the proximal phalanx. 


Second: Radial side of the middle finger. 


Third: Ulnar side of the middle finger, chiefly into ex- 
tensor expansion. 


Fourth: Ulnar side of the ring finger. 


Action: Abducts the index, middle and ring fingers from 
the axial line through the third digit. Assists in flexion 
of the metacarpophalangeal joints and extension of the 
interphalangeal joints of the same fingers. The first as- 
sists in adduction of the thumb. 


Nerve: Ulnar, C8, Т1. 





Patient: Sitting or supine. 


Fixation: In general, stabilization of the adjacent digits 
to give fixation of the digit toward which the finger is 
moved and to prevent assistance from the digit on the 
other side. 


Test and Pressure or Traction: Against the middle 
phalanx: 


First: (Figure A) Abduction of the index finger toward 
the thumb. Apply pressure against the radial side of the 
index finger, in the direction of the middle finger. 


Second: (Figure B) Abduction of the middle finger to- 
ward the index finger. Hold the middle finger, and pull 
in the direction of the ring finger. 


Third: (Figure C) Abduction of the middle finger toward 
the ring finger. Hold the middle finger, and pull in the 
direction of the index finger. 


Fourth: (Figure D) Abduction of the ring finger toward 
the little finger. Hold the ring finger, and pull in the di- 
rection of the middle finger. 


Weakness: Decreases the ability to abduct the index, 
middle and ring fingers. Decreases the strength of ex- 
tension of the interphalangeal joints and flexion of the 
metacarpophalangeal joints of the index, middle and 
ring fingers. 


Shortness: Abduction of the index and ring fingers. 
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Palmar view 


PALMAR INTEROSSEI 
Origins: 
First: Base of the first metacarpal bone, ulnar side. 


Second: Length of the second metacarpal bone, ulnar 
side. 


Third: Length of the fourth metacarpal bone, radial side. 
Fourth: Length of the fifth metacarpal bone, radial side. 


Insertions: Chiefly into extensor expansion of the re- 
spective digit, with possible attachment to the base of 
the proximal phalanx as follows: 


First: Ulnar side of the thumb. 
Second: Ulnar side of the index finger. 
Third: Radial side of the ring finger. 
Fourth: Radial side of the little finger. 


Action: Adduct the thumb, index, ring and little finger 
toward the axial line through the third digit. Assist in 
flexion of the metacarpophalangeal joints and extension 
of the interphalangeal joints of the three fingers. 


Nerve: Ulnar, C8, TI. 


PALMAR INTEROSSEI 





Patient: Sitting or supine. 


Fixation: In general, stabilization of adjacent digits to 
give fixation of the digit toward the finger that is moved 
and to prevent assistance from the digit on the other side. 


Test and Traction: Against the middle phalanx: 


First: (Figure A) Adduction of the thumb toward the in- 
dex finger (acting with the adductor pollicis and first 
dorsal interosseous). Hold the thumb, and pull in the ra- 
dial direction. 


Second: (Figure B) Adduction of the index finger toward 
the middle finger. Hold the index finger, and pull in the 
direction of the thumb. 


Third: (Figure C) Adduction of the ring finger toward 
the middle finger. Hold the ring finger, and pull in the 
direction of the little finger. 


Fourth: (Figure D) Adduction of the little finger toward 
the ring finger. Hold the little finger, and pull in the ul- 
nar direction. 


Weakness: Decreases the ability to adduct the thumb, 
index, ring and little fingers. Decreases strength in flex- 
ion of the metacarpophalangeal joints and extension of 
the interphalangeal joints of the index, ring and little fin- 
gers. 


Shortness: Fingers held in adduction. May result from 
wearing a cast with the fingers in adduction. 
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LUMBRICALES 

Origins: 

First and second: Radial surface of the flexor pro- 
fundus tendons of the index and middle fingers, re- 
spectively. 

Third: Adjacent sides of the flexor profundus ten- 
dons of the middle and ring fingers. 


Fourth: Adjacent sides of the flexor profundus ten- 
dons of the ring and little fingers. 





Insertion: Into the radial border of the ext - 3 Her & 
ERAN RH T MET ARR Mae n Hyperextension of the metacarpophalangeal joints, resulting 

pansion on the dorsum of the respective digits. 7 е z 

from weakness of the lumbricales and interossei, prevents nor- 
mal function of the extensor digitorum in extending the inter- 

phalangeal joints. 


Action: Extend the interphalangeal joints and si- 
multaneously flex the metacarpophalangeal joints 
of the second through fifth digits. The lumbricales 
also extend the interphalangeal joints when the 
metacarpophalangeal joints are extended. As the 
fingers are extended at all joints, the flexor digito- 
rum profundus tendons offer a form of passive re- 
sistance to this movement. Because the lumbricales 
are attached to the flexor profundus tendons, they 
can diminish this resistive tension by contracting 
and pulling these tendons distally, and this release 
of tension decreases the contractile force needed by 
the muscles that extend the finger joints. 





When the examiner offers fixation that normally is afforded by 


the lumbricales and interossei, a strong extensor digitorum 
First and second: Median, C(6), 7, 8, T1. will extend the fingers. 


Third and fourth: Ulnar, C(7), 8, T1. 


Nerves: 
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LUMBRICALES AND INTEROSSEI 


Patient: Sitting or supine. 


Fixation: The examiner stabilizes the wrist in slight ex- 
tension if there is any weakness of the wrist muscles. 


Test: Extension of the interphalangeal joints, with si- 
multaneous flexion of the metacarpophalangeal joints. 


Pressure: First, against the dorsal surface of the middle 
and distal phalanges, in the direction of flexion, and 
second, against the palmar surface of the proximal pha- 
langes, in the direction of extension. Pressure is not il- 
lustrated in the photograph, because it is applied in two 
stages, not simultaneously. 


Weakness: Results in claw-hand deformity. 


Shortness: Metacarpophalangeal joint flexion with inter- 
phalangeal joint extension. (See following page.) 





Note: An important function of the lumbricales 
and interossei is illustrated by the above photo- 
graph. With marked weakness or paralysis of these 
muscles, an individual cannot hold a newspaper or 
a book upright in one hand. The complaint by the 
patient that a newspaper could not be held in one 
hand was a clue to this type of weakness. 





SHORTNESS OF INTRINSIC 
MUSCLES OF THE HAND 


In this case, illustrated by the above photographs, a 
middle-aged woman presented with a complaint that her 
middle finger occasionally pained rather severely and 
that a constant, tight, "drawing" feeling was felt along 
the sides of this finger. She did not feel that the pain was 
actually in the joints of the finger. A medical checkup 
had revealed no arthritis. This person was an avid card 
player, and the condition was present in the left hand, 
which was the hand in which she held her cards. 


Figure A shows the position of the subject's hand 
in holding a hand of cards. This position is one of strong 
lumbrical and interosseous action. Just as in holding a 
newspaper, the middle finger is the one that strongly op- 
poses the thumb. 

On testing for length of the intrinsic muscles, evi- 
dence of shortness was found, chiefly in the muscles in 
the middle finger. 

The patient could close the fingers to make a fist, 
as shown in Figure B. This was possible even though 
some shortness existed in the lumbricales and interos- 


sei, because the muscles were being elongated over the 
interphalangeal joints only, not over the metacarpopha- 
langeal joints. 

When attempting to close the hand into a claw-hand 
position, as shown in Figure C, the shortness became 
apparent. In closing the fingers into this position, the 
lumbricales and interossei must elongate over all three 
joints at the same time. The middle finger shows the 
greatest limitation. The ring finger shows slight limita- 
tion, which is demonstrated by the lack of distal joint 
flexion as well by decreased hyperextension of the 
metacarpophalangeal joint. 


The patient could extend the fingers, as shown in 
Figure D. This was possible because the muscles were 
being elongated over the metacarpophalangeal joints 
only, not over the interphalangeal joints. In Figure D, 
the distal phalanx of the middle finger, which opposes 
the thumb in holding the cards, is in slight hyperexten- 
sion. 

The fact that the fingers could be spread apart, as 
shown in Figure E, and closed sideways, as shown in 
Figure F, suggests that the shortness may have been in 
the lumbricales more than in the interossei. 








Palmaris 
brevis 


Palmaris 
longus 


PALMARIS LONGUS 


Origin: Common flexor tendon from the medial epi- 
condyle of the humerus and the deep antebrachial fascia. 


Insertion: Flexor retinaculum and palmar aponeurosis. 


Action: Tenses the palmar fascia, flexes the wrist, and 
may assist in flexion of the elbow. 


Nerve: Median, C(6), 7, 8, Т1. 


PALMARIS BREVIS 


Origin: Ulnar border of the palmar aponeurosis and pal- 
mar surface of the flexor retinaculum. 


Insertion: Skin on the ulnar border of the hand. 


Action: Corrugates the skin on the ulnar side of the hand. 


Nerve: Ulnar, C(7), 8, TI. 


PALMARIS LONGUS AND BREVIS 





TESTING OF PALMARIS LONGUS 


Patient: Sitting or supine. 


Fixation: The forearm rests on the table for support, in 
a position of supination. 


Test: Tensing of the palmar fascia by strongly cupping 
the palm of the hand, and flexion of the wrist. 


Pressure: Against the thenar and hypothenar eminences 
in the direction of the flattening of the palm of the hand, 
and against the hand in the direction of extending the 
wrist. 


Weakness: Decreases the ability to cup the palm of the 
hand. Strength of wrist flexion is also diminished. 
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Extensor 
digitorum 


Extensor 
digiti minimi 


Extensor 
indicis 


EXTENSOR INDICIS 


Origin: Posterior surface of the body of the ulna distal 


to the origin of the extensor pollicis longus, and in- 
terosseous membrane. 


Insertion: Into extensor expansion of the index finger 
with the extensor digitorum longus tendon. 


Action: Extends the metacarpophalangeal joint, and in 
conjunction with the lumbricalis and interossei, extends 


the interphalangeal joints of the index finger. May assist 
in adduction of the index finger. 


Nerve: Radial, C6, 7, 8. 





EXTENSOR INDIOS AND DIGITI MINIMI 


\ 


\ 
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EXTENSOR DIGITI MINIMI 


Origin: Common extensor tendon from the lateral epi- 
condyle of the humerus and deep antebrachial fascia. 


Insertion: Into extensor expansion of the little finger 
with the extensor digitorum tendon. 


Action: Extends the metacarpophalangeal joint, and in 
conjunction with the lumbricalis and interosseous, ex- 
tends the interphalangeal joints of the little finger. As- 
sists in abduction of the little finger. 


Nerve: Radial, C6, 7, 8. 
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EXTENSOR DIGITORUM 


Origin: Common extensor tendon from the lateral epi- 
condyle of the humerus and deep antebrachial fascia. 


Insertion: By four tendons, each penetrating a mem- 
branous expansion on the dorsum of the second through 
fifth digits and dividing over the proximal phalanx into 
a medial and two lateral bands. The medial band inserts 
into the base of the middle phalanx; the lateral bands re- 
unite over the middle phalanx and insert into the base of 
the distal phalanx. 





EXTENSOR DIGITORUM 


Extensor digitorum 
Extensor digiti minimi 





Action: Extends the metacarpophalangeal joints, and in 
conjunction with the lumbricales and interossei, extends 
the interphalangeal joints of the second through fifth 
digits. Assists in abduction of the index, ring, and little 
fingers and in extension and abduction of the wrist. 


Nerve: Radial, C6, 7, 8. 





Patient: Sitting or supine. 
Fixation: The examiner stabilizes the wrist, avoiding 
full extension. 


Test: Extension of the metacarpophalangeal joints of the 
second through fifth digits with the interphalangeal joints 
relaxed. 


Pressure: Against the dorsal surfaces of the proximal 
phalanges, in the direction of flexion. 
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Weakness: Decreases the ability to extend the metacar- 
pophalangeal joints of the second through fifth digits, 
and may result in a position of flexion of these joints. 
Strength of wrist extension is also diminished. 


Contracture: Hyperextension deformity of the metacar- 
pophalangeal joints. 


Shortness: Hyperextension of the metacarpophalangeal 
joints if the wrist is flexed, or extension of the wrist if 
the metacarpophalangeal joints are flexed. 











FLEXOR DIGITORUM SUPERFICIALIS 


FLEXOR DIGITORUM SUPERFICIALIS 


Origin of Humeral Head: Common flexor tendon from 
the medial epicondyle of the humerus, ulnar collateral 
ligament of the elbow joint, and deep antebrachial fascia. 


Origin of Ulnar Head: Medial side of the coronoid 
process. 


Origin of Radial Head: Oblique line of the radius. 





Insertion: By four tendons into the sides of the middle 
phalanges of the second through fifth digits. 


Action: Flexes the proximal interphalangeal joints of the 
second through fifth digits, and assists in flexion of the 
metacarpophalangeal joints and in flexion of the wrist. 


Nerve: Medial, C7, 8. TI. 





Patient: Sitting or supine. 


Fixation: The examiner stabilizes the metacarpopha- 
langeal joint, with the wrist in neutral position or slight 
extension. 


Test: Flexion ofthe proximal interphalangeal joint, with 
the distal interphalangeal joint extended, of the second, 
third, fourth, and fifth digits. (See Note.) Each finger is 
tested as illustrated for the index finger. 


Pressure: Against the palmar surface of the middle 
phalanx, in the direction of extension. 


Weakness: Decreases the strength of grip and of wrist 
flexion. Interferes with finger function in activities in 
which the proximal interphalangeal joint is flexed while 


the distal joint is extended, such as typing, playing the 
piano, and playing some stringed instruments. Weakness 
causes loss of joint stability at the proximal interpha- 
langeal joints of the fingers so that during finger exten- 
sion, these joints hyperextend. 


Contracture: Flexion deformity of the middle phalanges 
of the fingers. 


Shortness: Flexion of the middle phalanges of the fin- 
gers if the wrist is extended, or flexion of the wrist if the 
fingers are extended. 


NotQ: // appears to be the exception rather than 
the rule to obtain isolated flexor superficialis ac- 
tion in the fifth digit. 
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FLEXOR DIGITORUM. PROFUNDUS 





Palmar view 





FLEXOR DIGITORUM PROFUNDUS 


Origin: Anterior and medial surfaces of the proximal’/4 
of the ulna, interosseous membrane and deep ante- 


brachial fascia. 


Insertion: By four tendons into the bases of the distal 
phalanges, anterior surface. 


Action: Flexes the distal interphalangeal joints of the in- 
dex, middle, ring, and little fingers, and assists in flex- 


ion of the proximal interphalangeal and metacarpopha- 
langeal joints. May assist in flexion of the wrist. 


Nerves: 
First and second: Median, C7, 8, T1. 
Third and fourth: Ulnar, C7, 8, Т1. 


Patient: Sitting or supine. 





Fixation: With the wrist in slight extension, the exam- 
iner stabilizes the proximal and middle phalanges. 


Test: Flexion of the distal interphalangeal joint of the 
second, third, fourth and fifth digits. Each finger is tested 
as illustrated above for the index finger. 


Pressure: Against the palmar surface of the distal pha- 
lanx, in the direction of extension. 


Weakness: Decreases the ability to flex the distal joints 


of the fingers in direct proportion to the extent of weak- 
ness because this is the only muscle that flexes the dis- 
tal interphalangeal joints. Flexion strength of the proxi- 
mal interphalangeal, metacarpophalangeal and wrist 
joints may be diminished. 


Contracture: Flexion deformity of the distal phalanges 
of the fingers. 


Shortness: Flexion of the fingers if the wrist is extended, 
or flexion of the wrist if the fingers are extended. 








FLEXOR CARPI RADIALIS 





FLEXOR CARPI RADIALIS 


Origin: Common flexor tendon from the medial epi- 
condyle of the humerus and deep antebrachial fascia. 
(Fascia are indicated by parallel lines.) 


Insertion: Base of the second metacarpal bone and a 
slip to the base of the third metacarpal bone. 





Patient: Sitting or supine. 


Fixation: The forearm is in slightly less than full supina- 
tion and either rests on the table for support or is sup- 
ported by the examiner. 


Test: Flexion of the wrist toward the radial side. (See 
Note on the facing page.) 


Pressure: Against the thenar eminence, in the direction 
of extension toward the ulnar side. 


Action: Flexes and abducts the wrist, and may assist in 
pronation of the forearm and in flexion of the elbow. 


Nerve: Median, C6, 7, 8. 






Palmaris longus 





Weakness: Decreases the strength of wrist flexion, and 
pronation strength may be diminished. Allows an ulnar 
deviation of the hand. 


Shortness: Wrist flexion toward the radial side. 


Note: The palmaris longus cannot be ruled out in 
this test. 


Medical portal MedWedi.ru 





FLEXOR CARPI ULNARIS 


Origin of Humeral Head: Common flexor tendon from 
the medial epicondyle of the humerus. 


Origin of Ulnar Head: By aponeurosis from the medial 
margin of the olecranon, proximal ^h of the posterior 
border of the ulna and from the deep antebrachial fascia. 


FLEXOR CARPI ULNARIS 


Insertion: Pisiform bone and, by ligaments, to the ha- 
mate and fifth metacarpal bones. 


Action: Flexes and adducts the wrist, and may assist in 
flexion of the elbow. 


Nerve: Ulnar, C7, 8, T1. 





Patient: Sitting or supine. 


Fixation: The forearm is in full supination and either 
rests on the table for support or is supported by the 
examiner. 


lest: Flexion of the wrist toward the ulnar side. 


Pressure: Against the hypothenar eminence, in the di- 
rection of extension toward the radial side. 


Weakness: Decreases the strength of wrist flexion, and 
may result in a radial deviation of the hand. 


Shortness: Wrist flexion toward the ulnar side. 


Note: Normally, the fingers will be relaxed when 
the wrist is flexed. Ifthe fingers actively flex as 
wrist flexion is initiated, however, the finger flexors 
(profundus and superficialis) are attempting to sub- 
stitute for the wrist flexors. 


tal MedWedi.r 


EXTENSOR CARPI RADIALIS LONGUS 
AND BREVIS 


EXTENSOR CARPI 
RADIALIS LONGUS 


Origin: Distal ‘№ of the lateral supracondylar ridge of 
the humerus and lateral intermuscular septum. 


Insertion: Dorsal surface of the base of second 
metacarpal bone, radial side. 


Action: Extends and abducts the wrist, and assists in 
flexion of the elbow. 


Nerve: Radial, CS, 6, 7, 8. 





EXTENSOR CARPI RADIALIS 
LONGUS AND BREVIS 

Patient: Sitting with the elbow approximately 30° from 
zero extension (Figure A). 

Fixation: The forearm is in slightly less than full prona- 
tion and rests on the table for support. 


Test: Extension of the wrist toward the radial side. (Fin- 
gers should be allowed to flex as the wrist is extended.) 


Pressure: Against the dorsum of the hand, along the 
second and third metacarpal bones, in the direction of 
flexion toward the ulnar side. 


Weakness: Decreases the strength of wrist extension, 
and allows an ulnar deviation of the hand. 


Shortness: Wrist extension with radial deviation. 










EXTENSOR CARPI 
RADIALIS BREVIS 


Origin: Common extensor tendon from the lateral epi 
condyle of the humerus, radial collateral ligament of el- 
bow joint, and deep antebrachial fascia. 


Insertion: Dorsal surface of the base of the third 
metacarpal bone. 


Action: Extends and assists in abduction of the wrist 


Nerve: Radial, C6, 7, 8. 





EXTENSOR CARPI RADIALIS BREVIS 


Patient: Sitting with the elbow fully flexed (Figure B). 
(Have the subject lean forward to flex the elbow.) 


Fixation: The forearm is in slightly less than full prona- 
tion and rests on the table for support. 


Test: Extension of the wrist toward the radial side. El- 
bow flexion makes the extensor carpi radialis longus less 
effective by placing it in a shortened position. 


Pressure: Against the dorsum of the hand, along the 
second and third metacarpal bones, in the direction of 
flexion toward the ulnar side. 


Note: See Note on the following page. 











EXTENSOR CARPI ULNARIS 





Insertion: Base of the fifth metacarpal bone, ulnar side. 


EXTENSOR CARPI ULNARIS 


Origin: Common extensor tendon from the lateral Action: Extends and adducts the wrist. 


epicondyle of the humerus, by the aponeurosis from Nerve: Radial, C6, 7, 8. 
the posterior border of the ulna and deep antebrachial 
fascia. 





Patient: Sitting or supine. Weakness: Decreases the strength of wrist extension, 


Fixation: The forearm is in full pronation and either and тау result ша radial аеманоц оше; 


Tests on the table for support or is supported by the Shortness: Ulnar deviation of the hand with slight ex- 
examiner. tension. 


Test: Extension of the wrist toward the ulnar side. RAS 1 е ч m 
Note: Normally, the fingers will be in a position of 


Pressure: Against the dorsum of the hand, along the passive flexion when the wrist is extended. If the 
fifth metacarpal bone, in the direction of flexion toward fingers actively extend as wrist extension is initi- 
the radial side. ated, however, the finger extensors (digitorum, in- 


dicis, and digiti minimi) are attempting to substi- 
tute for the wrist extensors. 


PRONATOR TERES AND QUADRATUS 


PRONATOR TERES 


Origin of Humeral Head: Immediately above the me- 
dial epicondyle of the humerus, common flexor tendon 
and deep antebrachial fascia. 


Origin of Ulnar Head: Medial side of the coronoid 
process of the ulna. 


Insertion: Middle of the lateral surface of the radius. 


Action: Pronates the forearm, and assists in flexion of 
the elbow joint 


Nerve: Median, C6, 7 


Pronator teres 


PRONATORS TERES AND 
QUADRATUS 


Patient: Supine or sitting. 


Fixation: The elbow should be held against the patient's 
side or be stabilized by the examiner to avoid any shoul- 
der abduction movement. 


Test: Pronation of the forearm, with the elbow partially 
flexed. 


Pressure: At the lower forearm, above the wrist (to 
avoid twisting the wrist), in the direction of supinating 
the forearm. 
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Weakness: Allows a supinated position of the forearm, 
and interferes with many everyday functions, such as 
turning a doorknob, using a knife to cut meat, and turn- 
ing the hand downward in picking up a cup or other ob- 
ject. 


Contracture: With the forearm held in a position of 
pronation, interferes markedly with many normal func- 
tions of the hand and forearm that require moving from 
pronation to supination. 


| 
| Note: Avoid squeezing the radius and ulna to- 
gether because this may be painful. 





PRONATOR QUADRATUS 





PRONATOR QUADRATUS 
Origin: Medial side, anterior surface of the distal 'k of 
the ulna. 


Insertion: Lateral side, anterior surface of the distal Л 
of the radius. 


Action: Pronates the forearm. 
Nerve: Median, C7, 8, TI. 


Patient: Supine or sitting. 
Fixation: The elbow should be held against the patient's 


side (either by the patient or by the examiner) to avoid 
shoulder abduction. 


Test: Pronation of the forearm, with the elbow com- 
pletely flexed to make the humeral head of the pronator 
teres less effective by being in a shortened position. 








Pronator 
quadratus 


Pressure: At the lower forearm, above the wrist (to 
avoid twisting the wrist), in the direction of supinating 
the forearm. 


— 
| Note: Avoid squeezing the radius and ulna to- 
gether because this may be painful. 


Medical portal MedWedi.ru 





SUPINATOR AND BICEPS 


SUPINATOR 


Origin: Lateral epicondyle of the humerus, radial col- 
lateral ligament of the elbow joint, annular ligament of 
the radius and supinator crest of the ulna. 


Insertion: Lateral surface of the upper t of the body of 
the radius, covering part of the anterior and posterior 
surfaces. 


Action: Supinates the forearm. 


Nerve: Radial, C5, 6, (7). 





SUPINATOR AND BICEPS 
Patient: Supine. 


Fixation: The elbow should be held against the patient's 
side to avoid shoulder movement. 


Test: Supination of the forearm, with the elbow at a 
right angle or slightly below. 


Pressure: At the distal end of the forearm, above the 
wrist (to avoid twisting the wrist), in the direction of 
pronating the forearm. 


Weakness: Allows the forearm to remain in a pronated 
position. Interferes with many functions of the extrem- 
ity, particularly those involved with feeding oneself. 


Contracture: Elbow flexion with forearm supination. 
Interferes markedly with functions of the extremity that 
involve the change from a supinated to a pronated posi- 
tion of the forearm. 
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SUPINATOR 
Tested with the biceps elongated. 
Patient: Sitting or standing. 


Fixation: The examiner holds the shoulder and elbow in 
extension. 


lest: Supination of the forearm. 


Pressure: At the distal end of the forearm, above the 
wrist, in the direction of pronation. The subject may at- 
tempt to rotate the humerus laterally to make it appear 
that the forearm remains in supination as pressure is ap- 
plied and the forearm starts to pronate. 

















SUPINATOR 


Tested with the biceps in a shortened position. 


Patient: Supine. 


Fixation: The examiner holds the shoulder in flexion, 
with the elbow completely flexed. It is usually advisable 
to have the subject close the fingers to keep them from 
touching the table, which may be done in an effort to 
brace the forearm in the test position. 


Test: Supination of the forearm. 


Pressure: At the distal end of the forearm, above the 
wrist, in the direction of pronation. Take care to avoid 
maximum pressure because, as strong pressure is ap- 
plied, the biceps comes into action and, in this shortened 
position, goes into a cramp. A severe cramp may leave 
the muscle sore for several days. This test should be 
used merely as a differential diagnostic aid. 


Note: п a radial nerve lesion involving the supina- 
tor, the test position cannot be maintained. The 
forearm will fail to hold the fully supinated position 
even though the biceps is normal. 
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BICEPS BRACHII AND BRACHIALS 


BICEPS BRACHII 


Origin of Short Head: Apex ofthe coracoid process of 
the scapula. 


Origin of Long Head: Supraglenoid tubercle of the 
scapula. 


Insertion: Tuberosity of the radius and aponeurosis of 
the biceps brachii (lacertus fibrosus). 


Action: Flexes the shoulder joint. The short head assists 
with shoulder adduction. The long head may assist with 
abduction if the humerus is laterally rotated. With the 
origin fixed, flexes the elbow joint, moving the forearm 
toward the humerus and supinates the forearm. With the 
insertion fixed, flexes the elbow joint, moving the 
humerus toward the forearm, as in pull-up or chinning 
exercises. 


Nerve: Musculocutaneous C5, 6. 


BRACHIALS 


Origin: Distal *k of the anterior surface of the humerus 
and both medial and lateral intermuscular septa. 


Insertion: Tuberosity and coronoid process of the ulna. 


Action: With the origin fixed, flexes the elbow joint, 
moving the forearm toward the humerus. With the inser- 
tion fixed, flexes the elbow joint, moving the humerus 
toward the forearm, as in pull-up or chinning exercises. 


Nerve: Musculocutaneous, small branch from radial, 
C5, 6. 






Biceps 
Short head 
Long head 


Df 
7 


Brachialis 


BICEPS BRACHII AND BRACHIALIS 


Patient: Supine or sitting. 


Fixation: The examiner places one hand under the el- 
bow to cushion it from table pressure. 


Test: Elbow flexion slightly less than or at a right angle, 
with the forearm in supination. 


Pressure: Against the lower forearm, in the direction of 
extension. 


Weakness: Decreases the ability to flex the forearm 
against gravity. Interferes markedly with daily activities 
such as feeding oneself or combing the hair. 


Shortness: Flexion deformity of the elbow. 





Note: If the biceps and brachialis are weak, as in 

amusculocutaneous lesion, the patient will pronate 
the forearm before flexing the elbow using the bra- 

chioradialis, extensor carpi radialis longus, prona- 
tor teres and wrist flexors. 
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Elbow flexion with the forearm supinated 


Elbow flexion with the 


The lower 
figure illustrates that against resistance, the bi- 
ceps acts in flexion even though the forearm is in 
pronation. Because the brachialis is inserted on 
the ulna, the position of the forearm, whether in 
supination or in pronation, does not affect the ac- 





forearm pronated 


tion of this muscle in elbow flexion. The brachio- 
radialis appears to have a slightly stronger action 
in the pronated position of the forearm during the 
elbow flexion test than in the supinated position, 
although its strongest action in flexion is with the 
forearm in midposition. 





TRICEPS BRACHII AND ANCONEUS 


Triceps 


Lateral 
head 


Long 
head 





y 


/ 
\ 

= i 
| 


4 


тт 


Medial 
head 






TRICEPS BRACHII 


Origin of Long Head: Infraglenoid tubercle of the 
scapula. 


Origin of Lateral Head: Lateral and posterior surfaces 
of the proximal К. of the body of the humerus and lat- 
eral intermuscular septum. 


Origin of Medial Head: Distal ‘> of the medial and 
posterior surfaces of the humerus below the radial groove 
and from the medial intermuscular septum. 


Insertion: Posterior surface of the olecranon process of 
the ulna and antebrachial fascia. 


Action: Extends the elbow joint. The long head also as- 
sists in adduction and extension of the shoulder joint. 


Nerve: Radial, C6, 7, 8, Т1. 













ANCONEUS 


Origin: Lateral epicondyle of the humerus, posterior 
surface. 


Insertion: Lateral side of the olecranon process and up- 
per 'A of the posterior surface of the body of the ulna. 


Action: Extends the elbow joint, and may stabilize the 
ulna during pronation and supination. 


Nerve: Radial, C7, 8. 


TRICEPS BRACHII AND ANCONEUS 
Patient: Prone. 


Fixation: The shoulder is at 90? abduction, neutral with 
regard to rotation, and with the arm supported between 
the shoulder and the elbow by the table. The examiner 
places one hand under the arm near the elbow to cush- 
ion the arm from table pressure. 


Test: Extension of the elbow joint (to slightly less than 
full extension). 


Pressure: Against the forearm, in the direction of flexion. 
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TRICEPS BRACHII AND ANCONEUS 





TRICEPS BRACHII AND ANCONEUS 
(CONTINUED) 


Patient: Supine. 







Fixation: The shoulder is at approximately 90° flexion, 
with the arm supported in a position perpendicular to the 
table. 







Test: Extension of the elbow (to slightly less than full 
extension). 







Pressure: Against the forearm in the direction of flexion. 






Weakness: Results in the inability to extend the forearm 
against gravity. Interferes with everyday functions that 
involve elbow extension, such as reaching upward toward 
a high shelf. Results in loss of ability to throw objects 
or to push them with the extended elbow. Also handicaps 
the individual in using crutches or a cane because of in- 
ability to extend the elbow and transfer weight to the 
hand. 













Contracture: Extension deformity of the elbow. Inter- 
feres markedly with everyday functions that involve el- 
bow flexion. 







Note: When the shoulder is horizontally abducted 
(see facing page), the long head of the triceps is 
shortened over both the shoulder and elbow joints. 
When the shoulder is flexed (horizontally ad- 
ducted), the long head of the triceps is shortened 
over the elbow joint but elongated over the shoul- 
der joint. Because of this two-joint action, the long 
head is made less effective in the prone position by 
being shortened over both joints, with the result 
that the triceps withstands less pressure when 
tested in the prone position than when tested in the 
supine position. 
















The tri- 
ceps and anconeus act together in extending the el- 
bow joint, but it may be useful to differentiate these 
two muscles. Because the belly of the anconeus 
muscle is below the elbow joint, it can be distin- 
guished from the triceps by palpation. The branch 
of the radial nerve to the anconeus arises near the 
midhumeral level and is quite long. It is possible 
for a lesion to involve only this branch, leaving the 
triceps unaffected. Paralysis of the anconeus re- 
duces the strength of elbow extension. One may 

find that a grade of good elbow extension strength 
is actually the result of a normal triceps and a par- 
alyzed anconeus. 




















BRACHIORADIALIS 


BRACHIORADIALIS 


Origin: Proximal 'k of the lateral supracondylar ridge 
of the humerus, and lateral intermuscular septum. 


Insertion: Lateral side of the base of the styloid process 
of the radius. 


Action: Flexes the elbow joint, and assists in pronating 
and supinating the forearm when these movements are 
resisted. 


Nerve: Radial, C5, 6. 
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Patient: Supine or sitting. 


Fixation: The examiner places one hand under the el- 
bow to cushion it from table pressure. 


Test: Flexion of the elbow, with the forearm neutral be- 
tween pronation and supination. The belly of the bra- 
chioradialis (Figure B) must be seen and felt during this 
test because the movement can also be produced by 
other muscles that flex the elbow. 


Pressure: Against the lower forearm, in the direction of 
extension. 


Weakness: Decreases the strength of elbow flexion and 
of resisted supination or pronation to midline. 
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PANGE OF MOTION: THUMB AND 
= FINGERS 
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The references in this chart demonstrate the lack of 
consensus regarding normative values for thumb and fin- 
ger range of motion. The authors have chosen ranges 
that are representative of both established sources and 
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20 


( 
C 





) 
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clinical practice. When mobility is limited, the meas- 
urement should be documented in parenthesis, and when 
it is excessive, hypermobility should be indicated by a 
circle around the measured number. 








STRENGTH TESTS: THUMB AND FINGERS 





Grade 





Description 





0 No contraction is felt in the muscle 

1 Feeble contraction in muscle belly or tendon is prominent 

2 Muscle moves part through a small arc of motion 

3 Muscle moves part through a moderate arc of motion 

4 Muscle moves part through an almost complete arc of motion 
5 Muscle moves part through complete are of motion 


6-7 Moves part through complete arc of motion, holds against slight pressure 
8-9 Same as above, but holds against moderate pressure 
10 Same as above against maximum pressure 


——————————————_—__ LLL 


Gravity is not an important consideration when testing 
the strength of thumb and finger muscles because the 
weight of the metacarpals and phalanges is insignificant 
in comparison with the strength of the muscles. In the 
first edition of this text, it was noted that "finger and toe 
muscles, and forearm rotators comprise approximately 
40% of the extremity tests described." Improving relibil- 
ity in testing should follow Kendall guidelines, accord- 


ing to the Clinical Assessment Recommendations pub- 
lished by the American Society of Hand Therapists 
(22). 

Marked weakness of the finger or thumb muscles is 
often indicative of a tendon laceration or nerve entrap- 
ment. In cases where objective measurements of func- 
tional grip strength are required, dynamometers that 
measure grip and pinch strength are useful. 
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JOINT MEASUREMENT CHART 





UPPER EXTREMITY 
(Except Fingers) 































































































Name Identification #. 
Diagnosis Age 
Onset Doctor 
m Date Motion* Normal Range Date 
Examiner in Degrees Examiner 
[ Extension 45 
(eames (i (a Flexion 180 [ыу [ЕЕ | 
ГЕ ШИЕ Капре 225 I: des] 
ELE [RE] Left Abduction 180 Right iS 
TEES ES ECT] sees  Adduction 0 Shoulder | | | | 
BE ва bes | Range 180 ЖЫ ЫЫ 
ЕЕ Horiz. Abduction 90 ie 
S om Horiz. Adduction 30 7 
Ie E ei Range 120 БЕРЕ | 
БЫ Lateral Rotation 90 = 
КЫТ Medial Rotation 70 H 
H Range 160 
Left Extension 0 Right mm ] 
| | [ | е Flexion 145 Elbow mr] 
H Range 145 
Left Supination 90 Right — | 
Л МЕ Forearm Pronation 90 Forearm m 
Ss 
= Extension 70 - | 
19 Flexion 80 | 
H Left Range 150 Right H 
| | | | wrist Ullnar Deviation 45 wrist | | | 
ШЕЕ Radial Deviation 20 ЫС] 
Range 65 


























*The zero position is the plane of reference. When a part moves in the direction of zero but fails to reach the zero 
position, the degrees designating the joint motion obtained are recorded with a minus sign and subtracted in comput- 
ing the range of motion. 
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SECTION HI: SHOULDER 





JOINTS 


The shoulder girdle is a complex structure, efficient in 
the performance of many movements yet vulnerable to 
injury because of the many and varied stresses it en- 
counters. 

To describe the structure and discuss the functions 
of the shoulder girdle, it is first necessary to identify cer- 
tain commonly used terms: 


Sterno—sternum 

Costal—rib 

Clavicular—clavicle 

Acromial—acromion (process on the scapula) 

Gleno—glenoid cavity of scapula 

Humeral—humerus, long bone of upper arm 

Vertebral—vertebrae, spinal column 

Chondro—cartilage 

In general, the name of the joint does not include 
reference to the type of tissue uniting the bones. One ex- 
ception, however, is referred to rather frequently: the car- 
tilaginous tissue between the sternum and the ribs. In- 
clusion may be justified on the basis that the cartilage is 


so extensive. If the joint between the sternum and the 
cartilage (i.e., the sternochondral joint) is named as part 


of the structure, however, it would become necessary to 
add the joining of the cartilage to the rib (i.e., costo- 
chondral or chondrocostal joint) in all instances. That 
should not be песеѕѕѕагу,. 

With the above explanation, this text defines a joint 
as a skeletal, bone-to-bone connection that is held to- 
gether by fibrous, cartilaginous, or synovial tissue. Joints 
are named according to the skeletal structures that are 
held together. Joints of the shoulder girdle are listed 
below. 


1. Sternocostal: Connects the sternum with sternal 
ends of 10 ribs (seven directly and three indirectly). 

2. Sternoclavicular: Connects the manubrium of the 
sternum with the medial end of the clavicle. 

3. Acromioclavicular: Connects the acromial process 
of the scapula with the lateral end of the clavicle. 

4. Glenohumeral: Connects the head of the humerus 
and the socket of the glenoid (hence, a ball-and- 
socket joint). 

5. Costovertebral: Includes the connections of the 
head of each rib with two adjacent vertebral bodies 
and the connection of the tubercle of each rib with 
the transverse process of the vertebra. 


лт 


ARTICULATIONS 


Stedman's Concise Medical Dictionary defines an 
articulation as follows: 


Articulation 1. Syn. Joint. 2. A joining together 
loosely so as to allow motion between the parts (23). 


By definition 1, the terms joint and articulation have 
been—and no doubt will continue to be—used synony- 
mously. Definition 2, however, provides for a legitimate 
use of the term with a broader meaning: In this text, ar- 
ticulation is defined as a musculoskeletal, bone to mus- 
cle to bone connection. They are named according to the 
bone of muscle origin and the bone of muscle insertion. 
Making a distinction between a joint and an articulation 


serves a very useful purpose. Whenever the term artic- 
ulation is used, it will convey to the reader that muscles 
provide the tissue connecting the bones. See pages 300 
and 301 for charts of articulations of the shoulder girdle 
showing 10 classifications according to the bones in- 
volved and 25 articulations according to the muscles in- 
volved. 

The term "glenohumeral" applied to the joint is correct. 
However, the term "glenohumeral articulations" should 
not be used in reference to any shoulder girdle articula- 
tions. The two muscles that have their origins on the 
glenoid do not attach to the humerus, instead, one inserts 
on the radius and the other inserts on the ulna. 
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JOINTS AND ARTICULATIONS OF 
SHOULDER GIRDLE 





% Joints & Joints 


1. Acromioclavicular 1. Costovertebral 
2. Glenohumeral 2. Glenohumeral 
3. Sternoclavicular 
4. Sternocostal * Articulations 
1. Vertebroclavicular 
Ф Articulations 2. Vertebroscapular 


1. Vertebroclavicular 
2. Costoclavicular 
3. Costoscapular 





Trapezius, upper 
anterior 


Trapezius, upper 

anterior 
Trapezius, upper 
posterior 
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MUSCULOSKELETAL ARTICULATIONS OF 


SHOULDER GIRDLE 





SS НАИ NESE e 


Articulation Muscle Origin Insertion Action 
Claviculohumeral Anterior deltoid Lateral Vs of clavicle, Deltoid tuberosity of Abduction of shoulder 
anterior border humerus joint 
Pectoralis major, Anterior surface of Crest of greater Flexion, medial rotation, 
upper sternal Yi of clavicle tubercle of humerus and horizontal adduction 
Sternohumeral Pectoralis major, Sternum, cartilages of Crest of greater Depression of shoulder 
lower six or seven ribs tubercle of humerus girdle and adduction of 
humerus obliquely 
downward 
Scapulohumeral Coracobrachial^ ^ Apex of coracoid process Middle shaft of Flexion and adduction of 
of scapula humerus, opposite shoulder joint 


deltoid tuberosity 


Middle deltoid Acromion, lateral margin Deltoid tuberosity of Abduction of shoulder 
and superior surface humerus joint 

Posterior deltoid Spine of scapula, Deltoid tuberosity of Abduction of shoulder 
inferior lip of posterior humerus joint 
border 

Supraspinatus Supraspinus fossa of Greater tubercle of Abduction of shoulder 
scapula, medial “J humerus, shoulder joint 


joint capsule 


Infraspinatus (nfraspinous fossa of Greater tubercle of Lateral rotation of 
scapula, medial ‘h humerus, shoulder shoulder joint 
joint capsule 


Subscapularis Subscapular fossa of Lesser tubercle of Medial rotation of 
scapula humerus, shoulder shoulder joint 
joint capsule 





Teres major Inferior angle and lateral Crest of lesser Medial rotation, | 
border of scapula tubercle of humerus adduction and extension 
of shoulder joint 


Teres minor Dorsal surface, lateral Greater tubercle of Lateral rotation of 
border of scapula, humerus, shoulder joint 
upper % shoulder joint capsule 
Vertebrocostohumeral Latissimus dorsi Spinous processes of Intertubercular Medial rotation, 
seventh through 12th grooves of humerus adduction and extension 
thoracic vertebrae, of shoulder joint 


through fascia from the 
lumbar and sacral 
vertebrae, last three or 
four ribs, posterior VJ of 
iliac crest, and slip from 
inferior angle of scapula 








© 2005 Florence P. Kendall. Author grants permission to reproduce for personal use but not for sale. 
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MUSCULOSKELETAL ARTICULATIONS OF 
SHOULDER GIRDLE 
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Articulation Muscle Origin Insertion Action 
E + +- 1] 
Costoclavicular Subclavius First costal cartilage Inferior surface of | Pulls shoulder forward 
acromial end of and downward 
| clavicle 
fe — T 
Costoscapular Pectoralis minor Third through fifth ribs Coracoid process of Pulls shoulder forward 
near the cartilage scapula and downward 
+ +- + B 
| Serratus anterior Upper eight or nine ribs Medial border, costal Scapular abduction and 
| surface of scapula rotation (upward by | 
| upper fibers and down- | 
| ward by lower fibers) 
Е =i —+——_ + - 
Scapuloradial _ Biceps, long head | Supraglenoid tubercle of Tuberosity of | Flexion and assistance | 
scapula radius and lacertus | with abduction of 
fibrosus shoulder joint | 
+ 4— + + 4 


Biceps, short 


| Apex of coracoid process 


Tuberosity of 


Flexion and assistance 












































head _ of scapula radius and lacertus | with adduction of the 
| | fibrosus | shoulder joint 
Scapuloufnar Triceps, long head! Infraglenoid tubercle of | Olecranon process of | Shoulder adduction апа 
| | scapula ulna, antebrachial extension; elbow 
| fascia extension 
+ + - 
Vertebroclavicular Trapezius, upper | Occiput and cervical |. Lateral '6 of clavicle Elevation of clavicle 
ze anterior part vertebrae jb ] 
Vertebroscapular Trapezius, upper Occipital protuberance, Acromial process of Elevation and lateral | 
posterior part superior nuchal line, scapula | rotation of scapula 
| ligamentum nuchae, | | 
| spinous process C7 
T К Я T T ] 
Trapezius, middle | Spinous processes of Medial margin of Adduction and assistance 
| T1-5 acromion and | with lateral rotation of 
superior lip of spine scapula 
— + —— —L—— — —— 
Trapezius, lower  Ѕріпоиѕ processes ої Tubercle at apex of Adduction, depression, 
T6-12 spine of scapula and assistance with 
| lateral rotation of scapula 
+ +— ~ -e— — t 4 
Levator scapulae | Transverse processes of Medial border Elevation and assistance | 
C1-4 between superior | with downward rotation 
angle and root of of the scapula 
| spine 
= —— IE | x A 
Rhomboid minor | Ligamentum nuchae and Root of spine of Adduction, elevation, 
| spinous processes C7, T1 scapula, medial _ and downward rotation 
р д border of scapula 
—— — Р + = 4 
| Rhomboid major | Thoracic vertebrae, | Scapula, medial Adduction, elevation, 
spinous processes T1-5 border between , and downward rotation 
spine and inferior | of scapula 





, angle 





———Ó———M— MÀ Á———— ÉÉÓÁÀ B M———— 
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COMBINED SHOULDER AND 
SCAPULAR MUSCLES 





нй 


Shoulder Muscles 





Full flexion (to 180°) Flexors: 

Anterior deltoid 

Biceps 

Pectoralis major, upper 
Coracobrachialis 


Lateral rotators: 
Infraspinatus 
Teres minor 


Posterior deltoid 
ВАА с Se ee Scr 


Scapular Muscles 


Abductor: 
Serratus anterior 





Lateral rotators: 
Serratus anterior 
Trapezius 





Abductors: 
Deltoid 
Supraspinatus 
Biceps, long head 


Full abduction (to 180°) 


Lateral rotators: 
Infraspinatus 
Teres minor 


Posterior deltoid 
—— 


Adductor 
Trapezius, acting to stabilize 
scapula in adduction 


Lateral rotators: 
Trapezius 
Serratus anterior 





Full extension (to 45°) Extensors: 
Posterior deltoid 
Teres major 
Latissimus dorsi 


Triceps, long head 





Full adduction to side 
against resistance 


Adductors: 
Pectorelis major 
Teres major 
Latissimus dorsi 
Triceps, long head 
Biceps, short head 





4— 


Adductors, medial rotators, and elevators: 
Rhomboids 

Levator scapulae 

Anterior tilt of scapula by: 

Pectoralis minor 








Adductors: 
Rhomboids 
Trapezius 


Se Ө 8686 ————————— — _ _  _ —_ — Е 
| 


| Note: Avoid use of the terms "protraction" and 

"retraction" to describe movements of the scapula 
| because they lack the precision and detail needed 
| to explain scapular position and movement. The 
scapula must abduct for "protraction" of the arm 
and shoulder to occur, but lateral rotation of the in- 
ferior angle, anterior tilt and elevation may also be 
| present. "Retraction" of the arm and shoulder re- 
| quires adduction and (usually) medial rotation of 
the scapula, with the possibility of elevation or de- 
pression. 
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STERNOCLAVICULAR JOINT AND 
SCAPULA 





STERNOCLAVICULAR JOINT 


The sternoclavicular joint permits motion in the 
anterior and posterior directions about a longitudinal 
axis, in the cranial and caudal directions about a sagit- 
tal axis, and in rotation about a coronal axis. These 
movements are slightly enhanced and transmitted by 
the acromioclavicular joint to the scapula. Additional 
motions of the shoulder girdle described here are those 
of the scapula. 


SCAPULA 


The scapula connects with the humerus at the gleno- 
humeral joint and with the clavicle at the acromioclav- 
icular joint. 

With the upper back in good alignment, the scapu- 
lae lie against the thorax approximately between the lev- 
els of the second and seventh ribs. In addition, the me- 
dial borders are essentially parallel and approximately 4 
inches apart. 

Muscles that attach the scapula to the thorax anteri- 
orly and to the vertebral column posteriorly provide sup- 
port and motion. They are obliquely oriented so that 
their directions of pull can produce rotatory as well as 
linear motions of the bone. As a result, the movements 
ascribed to the scapula do not occur individually as pure 
movements. Because the contour of the thorax is 
rounded, some degree of rotation or tilt of the scapula 


Elevation 






Anterior 


Downward 
rotation of 
glenoid cavity 


Adduction --— 


Medial rotation 


і 


Depression 


accompanies abduction and adduction and, to a lesser 
extent, elevation and depression. 

Although no pure linear movements occur, seven 
basic movements of the scapula are described: 


1. Adduction: Gliding movement in which the scapula 
moves toward the vertebral column. 


2. Abduction: Gliding movement in which the scapula 
moves away from the vertebral column and, follow- 
ing the contour of the thorax, assumes a posterolat- 
eral position in full abduction. 


3. Lateral or upward rotation: Movement about a 
sagittal axis in which the inferior angle moves later- 
ally and the glenoid cavity moves cranially. 


4. Medial or downward rotation: Movement about a 
sagittal axis in which the inferior angle moves medi- 
ally and the glenoid cavity moves caudally. 


5. Anterior tilt: Movement about a coronal axis in 
which the coracoid process moves in an anterior and 
caudal direction while the inferior angle moves in a 
posterior and cranial direction. The coracoid process 
may be said to be depressed anteriorly. This move- 
ment is associated with elevation. 

6. Elevation: Gliding movement in which the scapula 
moves cranially, as in "shrugging" the shoulder. 

7. Depression: A gliding movement in which the 
scapula moves caudally. This movement is the 
reverse of both elevation and anterior tilt 








Upward 
rotation of 


A glenoid cavity 


— > Abduction 


Lateral rotation 
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Movements of the Scapula 
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MOVEMENTS OF GLENOHUMERAL 
JOINT 


GLENOHUMERAL JOINT 


The shoulder joint, also called the gienohumerai joint, is 
a spheroid or ball-and-socket joint formed by the head of 
the humerus and the glenoid cavity of the scapula. It is 
the most mobile and least stable joint in the body, very 
vulnerable to injury, and dependent upon neighboring 
musculoskeletal articulations for stability and position- 
ing. Because of the mobility of this joint, and the many 
movements performed by the shoulder and scapular 
muscles, maintaining a balanced musculature is vital to 
the stability of this region. Actions of the muscles of the 
neck and shoulder are closely related and there can be 
substitution in cases of weakness, or accommodation in 
cases of weakness, or accommodation in cases of muscle 
shortness. In addition to six basic joint movements, it is 
necessary to define circumduction and two movements 
in the horizontal plane. 


Flexion and extension are movements about a coro- 
nal axis. Flexion is movement in the anterior direction 
and may begin from a position of 45° of extension (i.e., 
arm extended backward). It describes an arc forward 
through the zero anatomical position and on to the 180° 
overhead position. However, the 180° overhead position 
is attained only by the combined movement of the shoul- 
der joint and the shoulder girdle. The gienohumerai joint 
can be flexed only to approximately 120°. The remain- 
ing 60° are attained as a result of the abduction and lat- 
eral rotation of the scapula, which allows the glenoid 
cavity to face more anteriorly and the humerus to flex to 
a fully vertical position. The scapular motion is variable 
at first, but after 60° of flexion, a relatively constant re- 
lationship exists between the movement of the humerus 
and the movement of the scapula. Inman et al. found that 
between the 30° and 170° range of flexion, the gieno- 
humerai joint provided 10°, and scapular rotation 5°, for 
every 15° of motion (24) 

Extension is movement in the posterior direction and 
technically refers to the arc of motion from 180° of flex- 
ion to 45° of extension. If the elbow joint is flexed, the 
range of shoulder joint extension will be increased, 
because the tension of the biceps will be released. 

Abduction and adduction are movements about a 
sagittal axis. Abduction is movement in a lateral direc- 
tion through a range of 180° to a vertical overhead posi- 
tion. This end position is the same as that attained in 
flexion, and it coordinates the movements of the shoul- 
der girdle and of the gienohumerai joint. Adduction is 
movement toward the midsagittal plane in a medial 
direction and technically refers to the arc of motion from 
full elevation overhead through the zero anatomical posi- 

tion to a position obliquely upward and across the front 
of the body. 







Horizontal abduction and horizontal adduction are 
movements in a transverse plane about a longitudinal 
axis. Horizontal abduction is movement in a lateral and 
posterior direction, and horizontal adduction is move- 
ment in an anterior and medial direction. The end posi- 
tion of complete horizontal adduction is the same as that 
for adduction obliquely upward across the body. In one 
instance, the arm moves horizontally to that position; in 
the other, it moves obliquely upward to that position. 

The range of horizontal abduction, being determined 
to a great extent by the length of the pectoralis major, is 
extremely variable. With the humerus in 90° of flexion as 
the zero position for measurement, the normal range 
should be approximately 90° in horizontal abduction and 
approximately 40° in horizontal adduction, most readily 
judged by the ability to place the palm of the hand on top 
of the opposite shoulder. 

Medial rotation and lateral rotation are movements 
about a longitudinal axis through the humerus. Medial 
rotation is movement in which the anterior surface of the 
humerus turns toward the midsagittal plane. Lateral ro- 
tation is movement in which the anterior surface of the 
humerus turns away from the midsagittal plane. 

The extent of medial or lateral rotation varies with 
the degree of elevation in abduction or flexion. For pur- 
poses of joint measurement, the zero position is one in 
which the shoulder is at 90° abduction, the elbow is bent 
at a right angle, and the forearm is at a right angle to the 
coronal plane. From this position, lateral rotation of the 
shoulder describes an arc of 90° to a position in which 
the forearm is parallel with the head. Medial rotation de- 
scribes an arc of approximately 70° if movement of the 
shoulder girdle is not permitted. If the scapula is allowed 
to tilt anteriorly, the forearm may describe an arc of 90° 
to a position in which it is parallel with the side of the 
body. 

As the arm is abducted or flexed from the anatom- 
ical position, lateral rotation continues to be free, but 
medial rotation is limited. As the arm is adducted or 
extended, the range of medial rotation remains free, and 
that of lateral rotation decreases. In treatment to restore 
the motion of a restricted shoulder joint, one must be 
concerned with obtaining lateral rotation as a prerequi- 
site to full flexion or full abduction. 

Circumduction combines, consecutively, the move- 
ments of flexion, abduction, extension, and adduction as 
the upper limb circumscribes a cone with its apex at the 
gienohumerai joint. This succession of movements can 
be performed in either direction, and it is used to in- 
crease the overall range of motion of the shoulder joint, 
as in Codman's or shoulder-wheel exercises. 
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NOTE: Horizontal adduction and abduction, not illustrated 
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306 LENGTH OF HUMERAL AND SCAPULAR 


MUSCLES 






Pectoralis \ 7 
major, А = 





Full range of scapulohumeral and scapular motion for 
normal overhead elevation of the arm in flexion or in ab- 
duction requires adequate length in the pectoralis major, 
pectoralis minor, latissimus dorsi, teres major, sub- 
scapularis and rhomboids. 

Full range of motion in lateral rotation requires nor- 
mal length of the medial rotators—namely, the pectoralis 
major, latissimus dorsi, teres major and subscapularis. 
Full range of motion in medial rotation requires normal 
length of the lateral rotators—namely, the teres minor, 
infraspinatus and posterior deltoid. 

To test accurately for the various movements, there 
must be no substitution by movements of the trunk. The 
trunk position must be standardized, with the subject 
supine, the knees bent and the low back flat on a flat sur- 












Levator 
/, scapulae 


/Rhomboid minor 
x Rhomboid major 


Teres 
Х\ major 


Latissimus. 
dorsi 


Latissimus 
dorsi 


CA 


face. The table should not have a soft pad; however, a 
folded blanket may be used for the comfort of the sub- 
ject. 

Ifthe low back arches up from the table, the amount 
of shoulder flexion or lateral rotation will appear to be 
greater, and the amount of medial rotation will appear to 
be less than the actual range of shoulder and scapular 
motion. If the chest is depressed, the amount of shoul- 
der flexion and external rotation will appear to be less, 
and the amount of medial rotation will appear to be 
greater than the actual range of motion. 

1f the trunk bends laterally with convexity toward 
the tested side, the amount of abduction will appear to 
be greater than the actual range of shoulder and scapu- 
lar motion. 
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TEST FOR LENGTH OF PECTORALIS 
MINOR 
















Equipment: Firm table; unpadded. 


Starting Position: Supine, with the arms at the sides, el- 
bows extended, palms upward, knees bent and lower 
back flat on the table. 


Test: The examiner stands at the head of the table and 
observes the position of the shoulder girdle. This figure 
shows normal length of the left pectoralis minor and 
shortness of the right. The amount of tightness is meas- 
ured by the extent to which the shoulder is raised from 
the table and by the amount of resistance to downward 
pressure on the shoulder. Tightness may be recorded as 
slight, moderate, or marked. 





Left, normal length; right, short length, holding the 
shoulder forward. 





TEST FOR TIGHTNESS OF MUSCLES 
THAT DEPRESS THE CORACOID 
PROCESS ANTERIORLY 





To focus on the pectoralis minor, it is necessary to 
put each of the other muscles on a slack. While 
maintaining continuous pressure with the left hand 
on the anterior shoulder region, the examiner's right 
hand bends the subject's elbow to full flexion to put 
the biceps on a slack. If the shoulder region can be 
displaced somewhat downward, this provides evi- 
dence that the biceps are part of the problem. 





The subject lies supine on a firm table with arms at 
the sides, elbows extended, palms upward, knees 
bent and low back flat on the table. There appears 
to be some anterior tilt of the shoulder suggesting 
tightness of the pectoralis minor. 
















The examiner stands on the left side of the subject, 
with the palm of the examiner's left hand on the 
subject's anterior shoulder region, and presses 
firmly down toward the table in the manner of 
rolling the shoulder region back to correct anterior 
tilting. The amount of resistance indicates the extent 
of tightness in the group of muscles attached to the 
coracoid process. 


Maintaining continuous pressure on the anterior 
shoulder region, the examiner then lifts the sub- 
ject's elbow approximately 6 or 8 inches up from 
the table to put the coracobrachial^ on a slack. If 
the shoulder can be further depressed, this provides 
evidence that the coracobrachial is is part of the 
problem. Any tightness that remains should be at- 
tributed to the pectoralis minor. 
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TEST FOR LENGTH OF PECTORALIS 
MAJOR 


Normal length of lower fibers. 


PECTORALIS MAJOR 
Equipment: Firm table; no soft padding. 


Starting Position: Supine, with the knees bent and the 
low back flat on the table. 


Test Movement for Lower (Sternal) Part: The examiner 
places the subject's arm in a position of approximately 
135° of abduction (in line with the lower fibers), with the 
elbow extended. The shoulder will be in lateral rotation. 


Normal Length: Arm drops to table level, with the low 
back remaining flat on the table. 


Shortness: The extended arm does not drop down to 
table level. Limitation may be recorded as slight, mod- 
erate, or marked; measured in degrees using a goniome- 
ter, or measured in inches using a ruler to record the 
number of inches from the lateral epicondyle to the table. 





2.5 


Normal length of upper fibers. 


Test Movement for Upper (Clavicular) Part: The ex- 
aminer places the subject's arm in horizontal abduction, 
with the elbow extended and the shoulder in lateral ro- 
tation (palm upward). 


Normal Length: Full horizontal abduction, with lat- 
eral rotation, the arm flat on the table, and without 
trunk rotation. 


Shortness: The arm does not drop down to table level. 
Limitation may be recorded as slight, moderate, or 
marked; measured in degrees using a goniometer; or 
measured in inches using a ruler to record the number of 
inches between the table and the lateral epicondyle. 
Marked limitation is seldom found in this test. 


Note: Tightness of acromioclavicular fascia can in- 
terfere with length testing of the clavicular portion. 








Excessive length in upper (clavicular) part of 
pectoralis major. 


Test for Excessive Length: Position the subject with the 
shoulder joint at the edge of the table so that the arm can 
abduct horizontally below table level. Record excessive 
range as slight, moderate, or marked, or measure in de- 
grees using a goniometer. Excessive range of motion is 
not uncommon. 
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TESTS FOR LENGTH OF TERES MAJOR, 
LATISSIMUS DORSI, AND RHOMBOIDS 





Normal length 


Equipment: Firm table; unpadded. 


Starting Position: Supine, with the arms at the sides, el- 
bows extended, knees bent, and low back flat on the 
table. 


Test Movement: Subject raises both arms in flexion 
overhead, keeping the arms close to the head and bring- 
ing them down toward the table (maintaining a flat low 
back). 


Normal Length: The ability to bring the arms down to 
table level, keeping them close to the head. 


Shortness: Indicated by the inability to get the arms to 
table level. Record measurements as slight, moderate, or 
marked; measure the angle between the table and 
humerus to determine the number of degrees of limita- 
tion; or measure the number of inches between the table 
and the lateral epicondyle. 


Short 


Note: Tightness of the upper abdominals will de- 

| press the chest and tend to pull the shoulder for- 
ward, interfering with the test. Likewise, a kyphosis 
of the upper back will make it impossible to get the 
shoulder down on the table. 

A contracted pectoralis minor tilts the scapula 
anteriorly, pulling the shoulder girdle downward 
and forward. With the change in alignment of the 
shoulder girdle, flexion of the glenohumeral joint 
will appear to be limited even ifthe range is actu- 
ally normal, because the arm cannot be brought 
down to touch the table. 

Tightness of the pectoralis minor is an impor- 
tant factor in many cases of arm pain. With attach- 

| ment of the pectoralis minor on the coracoid 
process, tightness of this muscle depresses the cora- 
coid anteriorly, causing pressure and impingement 
on the cords of the brachial plexus and the axillary 
blood vessels that lie between the coracoid and the 
rib cage. (See pp. 342, 343.) 
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TESTS FOR LENGTH OF 
SHOULDER ROTATORS 





MEDIAL ROTATORS 





Equipment: Firm table; no soft padding. 


Starting Position: Supine, with the low back flat on the 
table, arm at shoulder level (90° abduction), elbow at the 
edge of the table and flexed to 90° and forearm perpen- 
dicular to the table. 


lest for Length of Medial Rotators: Lateral rotation of 
the shoulder, bringing the forearms down toward table 
level, parallel with the head. (Do not allow the back to 
arch up from the table.) 


Normal Range of Motion: 90° (forearm flat on the 
table while maintaining the low back flat on the table). 


Note: /f the test for tightness of the teres major 
and latissimus dorsi (see p. 309) shows limitation, 
but external rotation (as above) shows normal 
range, then tighmess is in the latissimus dorsi but 
not in the teres major. 


LATERAL ROTATORS 





Equipment: Firm table; no soft padding. 


Starting Position: Supine, with the low back flat on the 
table, arm at shoulder level (90° abduction), elbow at the 
edge of the table and flexed to 90° and forearm perpen- 
dicular to the table. 


Test for Length of Lateral Rotators: Medial rotation 
of the shoulder, bringing the forearms downward toward 
table, while the examiner holds the shoulder down to 
prevent substitution by the shoulder girdle. (Do not allow 
forward thrust of the shoulder girdle.) 


Normal Range of Motion: 70° (forearm at a 20° angle 
with the table.) 





To test for excess.ve range of motion in lateral rota- 
tion, it is necessary to have the elbow slightly 
beyond the edge of the table to allow the forearm 
to drop below table level. Excessive lateral rotation 
is frequently found. 


This subject demonstrated marked limitation of «na- 
dial rotation and excessive lateral rotation-an im- 
balance often seen in baseball players, 








Placing the hands behind the back, as illustrated, requires normal range of 
shoulder joint rotation without abnormal shoulder-girdle movement. 





Slightly excessive shoulder joint lateral rotation. The hands can easily be 


placed on the upper back. 


Limited shoulder joint medial rotation, more in the right than in the left. The 
shoulder girdle is held down to prevent substitution of shoulder-girdle motion 
for shoulder joint motion. 





эй o 





Substitution by shoulder-girdle motion permits the subject to place the hands 
behind the back. However, encouraging or permitting such substitution has ad- 
verse effects by contributing to overdevelopment of the pectoralis minor. (See 
pectoralis minor, p. 307.) 
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Trapezius, lower 
| Serratus anterior 





NOTES. 


== Rhomboids 





Pectoralis minor 
Pectoralis major 
Latissimus dorsi 
Shoulder medial rotators 
Shoulder lateral rotators 
Deltoid, anterior 
Deltoid, middle 
Deltoid, posterior 
Biceps 
Triceps 
Brachioradialis 
Supinators 
Pronators 
Flexor carpi radialis 
Flexor carpi ulnaris 
Extensor carpi radialis 
Extensor carpi ulnaris 
Flexor digitorum profundus 
Flexor digitorum profundus 
Flexor digitorum profundus 
Flexor digitorum profundus 
Flexor digit, superficialis 
Flexor digit superficialis 
Flexor digit, superficialis 
Flexor digit, superficialis 
Extensor digitorum 
Extensor digitorum 
Extensor digitorum 
Extensor digitorum 
Lumbricalis 
Lumbricalis 
Lumbricalis 
Lumbricalis 
Dorsal interosseus 
Dorsal interosseus 
Dorsal interosseus 
Dorsal interosseus 
Palmar interosseus 
Palmar interosseus 
Palmar interosseus 
Palmar interosseus 
Flexor pollicis longus 
Flexor pollicis brevis 
Extensor pollicis longus 
Extensor pollicis brevis 
Abductor pollicis longus 
Abductor pollicis brevis 
Adductor pollicis 
Opponens pollicis 
Flexor digiti minimi 
Abductor digiti minimi 
Opponens digiti minimi 
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CORACOBRACHIAL^ 


Origin: Apex of the coracoid process of the scapula. 


Insertion: Medial surface of the middle of the shaft of 
the humerus, opposite the deltoid tuberosity. 


Action: Flexes and adducts the shoulder joint. 
Nerve: Musculocutaneous, C6, 7. 
Patient: Sitting or supine. 


Weakness: Decreases the strength of shoulder flexion, 
particularly in movements that involve complete elbow 
flexion and supination, such as combing the hair. 


Shortness: The coracoid process is depressed anteriorly 
when the arm is down at the side. 





Fixation: If trunk is stable, no fixation by the examiner 
should be necessary. 


Test: Shoulder flexion in lateral rotation, with the elbow 
completely flexed and the forearm supinated. Assistance 
from the biceps in shoulder flexion is decreased in this 
test position because the complete elbow flexion and 
forearm supination place the muscle in too short a posi- 
tion to be effective in shoulder flexion. 


Pressure: Against the anteromedial surface of the lower 
V3 of the humerus, in the direction of extension and 
slight abduction (Figure B). 


Origin: Medial % of the supraspinous fossa of the 
scapula. 
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SUPRASPINATUS 





SUPRASPINATUS 


Origin: Medial 2/3 of the supraspinatus fossa of the 
scapula. 


Action: Abducts and laterally rotates the shoulder joint, 
and stabilizes the head of the humerus in the glenoid 
cavity during these movements. 


Nerve: Suprascapular C4, 5, 6 


Patient: Sitting, with neck extended and laterally flexed 
toward the tested side, with the face turned toward the 
opposite side. 


Note: This position allows for relaxation of the 
trapezius muscle. Because the supraspinatus is com- 
pletely covered by the upper and middle fibers of 
the trapezius, the trapezius should be as relaxed as 
possible in order to palpate the supraspinatus. 





Fixation: The sitting position provides greater stabiliza- 
tion of the trunk than a standing position. 


lest: With the elbow bent at a right angle, the arm is 
placed in abduction to shoulder level. The arm is a few 
degrees forward from the mid-coronal plane, and is held 
in a few degrees of external rotation to put it in line with 
the major part of the supraspinatus. Have the subject 
hold this position of slight anterior abduction and slight 
external rotation against pressure. 








Note: The supraspinatus needs to be tested in its 
most shortened position because it is a one-joint 
muscle and tests strongest in its most shortened po- 
sition (see page J13). 

The "empty can" test does not meet the re- 
quirements for testing the strength of this muscle. 
Rowlands et al concluded "our study found that the 
empty can test does not allow selective activation 
of the Supraspinatus muscle." * 





Weakness: The tendon of the supraspinatus is firmly at- 
tached to the superior surface of the capsule of the shoul- 
der joint. Weakness of the muscle or rupture of the ten- 
don decreases shoulder joint stability, allowing the 
humerus to alter its relationship with the glenoid cavity. 








* Rowlands LK, Wertsch J.J, Primack S J, Spreiter AM, Roberts MM. 
"Kinesiology of the empty can test. " Am J Phys. Med. Rehabil. 1995 
Jul- Aug: 74(4):302-4 
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DELTOID 


Origin of Anterior Fibers: Anterior border, superior 
surface, and lateral % of the clavicle. 


Origin of Middle Fibers: Lateral margin and superior 
surface of the acromion. 


Origin of Posterior Fibers: Inferior lip of the posterior 
border of the spine of the scapula. 


Insertion: Deltoid tuberosity of the humerus. 


Action: Abduction of the shoulder joint, performed 
chiefly by the middle fibers, with stabilization by the an- 
terior and posterior fibers. In addition, the anterior fibers 
flex and, in the supine position, medially rotate the shoul- 
der joint. The posterior fibers extend and, in the prone 
position, laterally rotate the shoulder joint. 


Nerve: Axillary, C5, 6. 
Patient: Sitting. 


Fixation: The position of the trunk in relation to the arm 
in this test is such that a stable trunk will need no fur- 
ther stabilization by the examiner. If the scapular fixa- 












tion muscles are weak, then the examiner must stabilize 
the scapula. 


Test: Shoulder abduction without rotation. When plac- 
ing the shoulder in test position, the elbow should be 
flexed to indicate the neutral position of rotation. The 
shoulder may be extended, however, after the shoulder 
position is established so that the extended extremity can 
be used for a longer lever. The examiner should be con- 
sistent in the technique during subsequent tests. 


Pressure: Against the dorsal surface of the distal end of 
the humerus if the elbow is flexed, or against the fore- 
arm if the elbow is extended. 


Weakness: Results in inability to lift the arm in abduc- 
tion against gravity. With paralysis of the entire deltoid 
and supraspinatus, the humerus tends to subluxate down- 
ward if the arm remains unsupported in a hanging posi- 
tion. The capsule of the shoulder joint permits almost an 
inch of separation between the head of the humerus and 
the glenoid cavity. In cases of axillary nerve involvement 
in which the deltoid is weak but the Supraspinatus is not 
affected, relaxation of the joint is not as marked, but it 
tends to progress if the deltoid strength does not return. 








DELTOID: ANTERIOR AND 
POSTERIOR (SITTING) 


ANTERIOR DELTOID 
Patient: Sitting. 


Fixation: If scapular fixation muscles are weak, the 
scapula must be stabilized by the examiner. As pressure 
is applied on the arm, counterpressure is applied poste- 
riorly to the shoulder girdle. 


Test: Shoulder abduction in slight flexion, with the 
humerus in slight lateral rotation. In the erect sitting po- 
sition, it is necessary to place the humerus in slight lat- 
eral rotation to increase the effect of gravity on the an- 
terior fibers. (The anatomical action of the anterior 
deltoid, which entails slight medial rotation, is part of 
the test of the anterior deltoid in the supine position. See 
facing page.) 


Pressure: Against the anteromedial surface of the arm, 
in the direction of adduction and slight extension. 





POSTERIOR DELTOID 
Patient: Sitting. 


Fixation: If scapular fixation muscles are weak, the 
scapula must be stabilized by the examiner. As pressure 
is applied on the arm, counterpressure is applied anteri- 
orly on the shoulder girdle. 


Test: Shoulder abduction in slight extension, with the 
humerus in slight medial rotation. In the erect sitting 
position, it is necessary to place the humerus in slight 
medial rotation to have the posterior fibers in an anti- 
gravity position. (The anatomical action of the posterior 
deltoid, which entails slight lateral rotation, is pari of the 
test of the posterior deltoid in the prone position. See 
acing page.) 


Pressure: Against the posterolateral surface of the arm, 
above the elbow, in the direction of adduction and slight 
flexion. 








ANTERIOR DELTOID 
Patient: Supine. 


Fixation: The trapezius and serratus anterior should stabi- 
lize the scapula in all the deltoid tests, but if these muscles 
are weak, the examiner should stabilize the scapula. 


Test: Shoulder abduction in the position of slight flexion 
and medial rotation. One hand of the examiner is placed 
under the patient's wrist to make sure that the elbow is not 
lifted by reverse action of the wrist extensors, which may 
occur if the patient is allowed to press his or her hand down 
on the chest. 


Pressure: Against the anterior surface of the arm, just 
above the elbow, in the direction of adduction toward the 
side of the body. 


DELTOID: ANTERIOR (SUPINE) AND 
POSTERIOR (PRONE) 





POSTERIOR DELTOID 


Patient: Prone. 


Fixation: The scapula must be held stable, either by 
the scapular muscles or by the examiner. 


Test: Horizontal abduction of the shoulder, with slight 
lateral rotation. 


Pressure: Against the posterolateral surface of the 
arm, in a direction obliquely downward and midway 
between adduction and horizontal adduction. 
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PECTORALIS MAJOR, UPPER 


PECTORAUS MAJOR, UPPER 


Origin of Upper Fibers (Clavicular Portion): Anterior 
surface of the sternal V2 of the clavicle. 


Insertion of Upper Fibers: Crest of greater tubercle of 
the humerus. Fibers are more anterior and caudal on the 
crest than the lower fibers. 


Action of Upper Fibers: Flex and medially rotate the 
shoulder joint, and horizontally adduct the humerus to- 
ward the opposite shoulder. 


Nerve to Upper Fibers: Lateral pectoral, C5, 6, 7. 


Action of Muscle as a Whole: With the origin fixed, the 
pectoralis major adducts and medially rotates the 
humerus. With the insertion fixed, it may assist in ele- 
vating the thorax, as in forced inspiration. In crutch- 
walking or parallel-bar work, it will assist in supporting 
the weight of the body. 


Note: The authors have seen one patient with rup- 
ture and another with weakness of the lower part of 
the pectoralis major resulting from arm wrestling. 
The arm was in a position of lateral rotation and 
abduction when а forceful effort was made to me- 
dially rotate and adduct it. 





Patient: Supine. 


Fixation: The examiner holds the opposite shoulder 
firmly on the table. The triceps maintains the elbow in 
extension. 


Test: Starting with the elbow extended and with the 
shoulder in 90? flexion and slight medial rotation, the 
humerus is horizontally adducted toward the sternal end 
of the clavicle. 


Pressure: Against the forearm, in the direction of hori- 
zontal abduction. 


Weakness: Decreases the ability to draw the arm in 
horizontal adduction across the chest, making it diffi- 
cult to touch the hand to the opposite shoulder. De- 
creases the strength of shoulder flexion and medial ro- 
tation. 


Shortness: The range of motion in horizontal abduction 
and lateral rotation of the shoulder is decreased. Short- 
ness of the pectoralis major holds the humerus in medial 
rotation and adduction and, secondarily, results in ab- 
duction of the scapula from the spine. 
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PECTORALIS MAJOR, LOWER 


Origin of Lower Fibers (Sternocostal Portion): Ante- 
rior surface of the sternum, cartilages of first six or seven 
ribs, and aponeurosis of the external oblique. 


Insertion of Lower Fibers: Crest of the greater tuber- 
cle of the humerus. The fibers twist on themselves and 
are more posterior and cranial than the upper fibers. 


Action of Lower Fibers: Depress the shoulder girdle 
by virtue of the attachment on the humerus, and 
obliquely adduct the humerus toward the opposite iliac 
crest. 


Nerves to Lower Fibers: Lateral and medial pectoral, 
C6, 7, 8, TI. 


Action of Muscle as a Whole: With the origin fixed, the 
pectoralis major adducts and medially rotates the 
humerus. With the insertion fixed, it may assist in ele- 
vating the thorax, as in forced inspiration. In crutch- 
walking or parallel-bar work, it will assist in supporting 
the weight of the body. 
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PECTORALIS MAJOR, LOWER 





Patient: Supine. 


Fixation: The examiner places one hand on opposite 
iliac crest to hold the pelvis firmly on the table. The an- 
terior parts ofthe external and internal oblique muscles 
stabilize the thorax on the pelvis. In cases of abdomi- 
nal weakness, the thorax, instead of the pelvis, must be 
stabilized. The triceps maintains the elbow in exten- 
sion. 


Test: Starting with the elbow extended and with the 
shoulder in flexion and slight medial rotation, adduction 
of the arm obliquely toward the opposite iliac crest. 


Pressure: Against the forearm obliquely, in a lateral and 
cranial direction. 


Weakness: Decreases the strength of adduction obliquely 
toward the opposite hip. Continuity of muscle action is 
on the same side also lost from the pectoralis major to 
the external oblique on the same side and internal oblique 
on the opposite side, with the result that chopping or 
striking movements are difficult. From a supine position, 
ifthe subject's arm is placed diagonally overhead, it will 
be difficult to lift the arm from the table. The subject will 
also have difficulty holding any large or heavy object in 
both hands either at or near waist level. 


Shortness: A forward depression of the shoulder girdle 
from the pull of the pectoralis major on the humerus of- 
ten accompanies the pull of a tight pectoralis minor on 
the scapula. Flexion and abduction ranges of motion 
overhead are limited. 





PECTORALIS MINOR 


Pectoralis 
minor 


PECTORALIS MINOR 


Origin: Superior margins; outer surfaces of the third, 
fourth and fifth ribs near the cartilages; and fascia over 
corresponding intercostal muscles. 


Insertion: Medial border, superior surface of the cora- 
coid process of the scapula. 


Action: With the origin fixed, tilts the scapula anteriorly 
(i.e., rotates the scapula about a coronal axis so that the 
coracoid process moves anteriorly and caudally while 
the inferior angle moves posteriorly and medially). With 
the scapula stabilized, to fix the insertion, the pectoralis 
minor assists in forced inspiration. 


Nerve: Medial pectoral, with fibers from a communi- 
cating branch of the lateral pectoral; C(6), 7, 8, Т1. (For 
explanation, see page 467.) 


Patient: Supine. 


Fixation: None by the examiner unless the abdominal 
muscles are weak, in which case the rib cage on the 
same side should be held down firmly. 


Test: Forward thrust of the shoulder, with the arm at the 
side. The subject must exert no downward pressure on 
the hand to force the shoulder forward. (If necessary, 
raise the subject's hand and elbow off the table.) 


Pressure: Against the anterior aspect of the shoulder, 
downward toward the table. 






Weakness: Strong extension of the humerus is depend- 
ent on fixation of the scapula by the rhomboids and le- 
vator scapulae posteriorly and by the pectoralis minor 
anteriorly. With weakness of the pectoralis minor, the 
strength of arm extension is diminished. 

With the scapula stabilized in a position of good 
alignment, the pectoralis minor acts as an accessory 
muscle of inspiration. Weakness of this muscle will in- 
crease respiratory difficulty in patients already suffering 
involvement of the respiratory muscles. 


Shortness: With the origin of this muscle on the ribs 
and the insertion on the coracoid process of the scapula, 
a contracture tends to depress the coracoid process of 
the scapula both forward and downward. Such muscle 
contracture is an important contributing factor in many 
cases of arm pain. With the cords of the brachial plexus 
and the axillary blood vessels lying between the cora- 
coid process and the rib cage, contracture of the pec- 
toralis minor may produce an impingement on these 
large vessels and nerves. 





A contracted pectoralis minor restricts flexion of the 
shoulder joint by limiting scapular rotation and prevent- 
ing the glenoid cavity from attaining die cranial orienta- 
tion necessary for complete flexion of the joint. 
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Teres minor 


INFRASPINATUS 
Origin: Medial’h of the infraspinous fossa of the scapula. 


Insertion: Middle facet of the greater tubercle of the 
humerus and shoulder joint capsule. 


Action: Laterally rotates the shoulder joint, and stabi- 
lizes the head of the humerus in the glenoid cavity dur- 
ing movements of this joint. 


Nerve: Suprascapular, C(4). 5, 6. 
Patient: Prone. 


Fixation: The arm rests on the table. The examiner 
places one hand under the arm near the elbow and sta- 


SHOULDER LATERAL ROTATORS 
(GROUP TEST) 





bilizes the humerus to ensure rotation by preventing ad- 
duction or abduction motion. The examiner's hand cush- 
ions against the table pressure. This test requires strong 
fixation by the scapular muscles, particularly the middle 
and lower trapezius, and in performing this test, one 
must observe whether the lateral rotators of the scapula 
or the lateral rotators of the shoulder break when pres- 
sure is applied. 

Test: Lateral rotation of the humerus, with the elbow 
held at a right angle. 


Pressure: Using the forearm as a lever, pressure is ap- 
plied in the direction of medially rotating the humerus. 





TERES MINOR 


Origin: Upper dorsal surfaces of the lateral border 
of the scapula. 


Insertion: Lowest facet of the greater tubercle of the 
humerus and shoulder joint capsule. 





Action: Laterally rotates the shoulder joint, and stabi- 
lizes the head of the humerus in the glenoid cavity dur- 
ing movements of this joint. 


Nerve: Axillary, C5, 6. 
Patient: Supine. 


Fixation: Counterpressure is applied by the examiner 
against the inner aspect of the distal end of the humerus 


to ensure rotation. 


Test: Lateral rotation of the humerus, with the elbow 
held at a right angle. 


Pressure: Using the forearm as a lever, pressure is ap- 
plied, in the direction of medially rotating the humerus. 


Weakness: The humerus assumes a position of medial 
rotation. Lateral rotation, in antigravity positions, is 
difficult or impossible. 

For the purpose of objectively grading a weak lat- 
eral rotator group against gravity and for palpation of 
the rotator muscles, the test in the prone position is 
preferred over the teres minor and infraspinatus test in 
the supine position. For action of these two rotators 
without much assistance from the posterior deltoid and 
without the necessity of maximal trapezius fixation, the 
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SHOULDER MEDIAL ROTATORS 
(GROUP TEST) 


The chief muscles acting in this shoulder medial rotation 
test are the latissimus dorsi, pectoralis major, subscapu- 
laris and teres major. 


Patient: Supine. 


Fixation: The examiner applies counterpressure against 
the outer aspect of the distal end of the humerus to en- 
sure a rotation motion. 


Test: Medial rotation of the humerus, with the arm at the 
side and the elbow held at a right angle. 


Pressure: Using the forearm as a lever, pressure is ap- 
plied in the direction of laterally rotating the humerus. 


= 
Not©: For the purpose of objectively grading a 
weak medial rotator group against gravity, the test 
| in the prone position (see photo, above right) is 
preferred over the test in the supine position. For a 
| maximum strength test, the test in supine position is 


preferred because less scapular fixation is required. 





Patient: Prone. 


Fixation: The arm rests on the table. The examiner's 
hand, near the elbow, cushions against table pressure 
and stabilizes the humerus to ensure rotation by pre- 
venting any adduction or abduction. The rhomboids give 
fixation of the scapula. 


Test: Medial rotation of the humerus, with the elbow 
held at a right angle. 


Pressure: Using the forearm as a lever, pressure is ap- 
plied in the direction of laterally rotating the humerus. 


Weakness: Because the medial rotators are also strong 
adductors, the ability to perform both medial rotation 
and adduction is decreased. 


Shortness: Range of both shoulder flexion overhead and 
of lateral rotation are limited. 
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TERES MAJOR AND SUBSCAPULARS 





TERES MAJOR Origin: Dorsal surfaces of the inferior angle and lower 
'[3 of the lateral border of the scapula. 


Insertion: Crest of the lesser tubercle of the humerus. 


Action: Medially rotates, adducts, and extends the shoul- 
der joint. 


Nerve: Lower subscapular, C5, 6, 7 
Patient: Prone. 


Fixation: None usually is necessary, because the weight 
of the trunk is sufficient fixation. If additional fixation is 
necessary, however, the opposite shoulder may be held 
down on the table. 


Test: Extension and adduction of the humerus in the 
medially rotated position, with the hand resting on the 
posterior iliac crest. 


Pressure: Against the arm, above the elbow, in the di- 
rection of abduction and flexion. 


Weakness: Diminishes the strength of medial rotation 
as well as adduction and extension of the humerus. 


Shortness: Prevents the full range of lateral rotation and 
abduction of the humerus. With tightness of the teres 
major, the scapula will begin to rotate laterally almost si- 
multaneously with flexion or abduction. Scapular move- 
ments that accompany shoulder flexion and abduction 
are influenced by the degree of muscle shortness of the 
teres major and subscapularis. 








Subscapuiaris 





SUBSCAPULARIS (VENTRAL 
SURFACE) 


Origin: Subscapular fossa of the scapula. 


Insertion: Lesser tubercle of the humerus and shoulder 
joint capsule. 


Action: Medially rotates the shoulder joint, and stabi- 
lizes the head of the humerus in the glenoid cavity dur- 
ing movements of this joint. 


Nerve: Upper and lower subscapular, C5, 6, 7. 


| Test: (see above) 
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LATISSIMUS DORSI 


The illustration above shows the attachments of the latis- 
simus dorsi to the spine and pelvis, emphasizing the 


importance of this muscle with regard to its many func- 
tions. 


LATISSIMUS DORSI 


Origin: Spinous processes of last six thoracic vertebrae, 
last three or four ribs, through the thoracolumbar fascia 
from the lumbar and sacral vertebrae and posterior % of 


external lip of iliac crest, and a slip from the inferior an- 
gle of the scapula. 


Insertion: Intertubercular groove of humerus. 


Action: With the origin fixed, medially rotates, adducts 
and extends the shoulder joint. By continued action, 
depresses the shoulder girdle and assists in lateral flex- 
ion of the trunk. (See p. 185.) With the insertion fixed, 
assists in tilting the pelvis both anteriorly and laterally. 
Acting bilaterally, this muscle assists in hyperextend- 
ing the spine and anteriorly tilting the pelvis or in flex- 
ing the spine, depending on its relation to the axes of 
motion. 

Additionally, the latissimus dorsi may act as an ac- 
cessory muscle of respiration. 


Nerve: Thoracodorsal, C6, 7, 8. 





See preferred position of forearm on facing page, 


Patient: Prone. 


Fixation: One hand of the examiner may apply coun- 
terpressure laterally on pelvis. 


Test: Adduction of the arm, with extension, in the me- 
dially rotated position. 


Pressure: Against the forearm, in the direction of ab- 
duction and slight flexion of the arm. 


Weakness: Weakness interferes with activities that in- 
volve adduction of the arm toward the body or of the 


body toward the arm. The strength of lateral trunk flex- 
ion is diminished. 


Note: See facing page regarding shortness of latis- 


simus dorsi. 


Medical portal MedWedi.ru 


LATISSIMUS DORSI 





LATISSIMUS DORSI 








Side view of test position. 





Preferred position for forearm. 


Shortness of the latissimus dorsi results in a limitation 
of elevation of the arm in flexion and abduction, and 
tends to depress the shoulder girdle downward and for- 
ward. In a right C-curve of the spine, the lateral fibers 
of the left latissimus dorsi usually are shortened. In a 
marked kyphosis, the anterior fibers are shortened bilat- 
erally. Shortness of this muscle may be found in indi- 
viduals who have walked with crutches for a prolonged 
period of time, such as a patient with paraplegia who 
uses a swing-through gate. 

This muscle is important in relation to movements 
such as climbing, walking with crutches, and hoisting 
the body on parallel bars, in which the muscles act to lift 


the body toward the fixed arms. The strength of the 
latissimus dorsi is a factor in forceful arm movements 
such as swimming, rowing, and chopping. All adductors 
and medial rotators act in these strong movements, but 
the latissimus dorsi may be of major importance. 

In the coronal plane, the latissimus dorsi is the most 
direct opponent of the upper trapezius. Test the strength 
of the latissimus when a shoulder is elevated (as in cases 
of tightness of the upper trapezius from holding a tele- 
phone receiver on the shoulder). Restoration of the mus- 
cle balance may require stretching the trapezius and 
strengthening the latissimus. 








RHOMBOIDS, LEVATOR SCAPULAE, 
AND TRAPEZIUS 


Levator scapulae —— — 


Rhomboid minor — 


RHOMBOIDS 


Origin of Major: Spinous processes of second through 
fifth thoracic vertebrae. 


Insertion of Major: By fibrous attachment to medial bor- 
der of the scapula between spine and inferior angle. 


Origin of Minor: Ligamentum nuchae, spinous processes 
of seventh cervical and first thoracic vertebrae. 


Insertion of Minor: Medial border at root of spine of 
the scapula. 


Action: Adduct and elevate the scapula, and rotate it so 
that the glenoid cavity faces caudally. 


Nerve: Dorsal scapular, C4, 5. 


LEVATOR SCAPULAE 


Origin: Transverse processes of the first four cervical 
vertebrae. 


Insertion: Medial border of scapula, between superior 
angle and root of spine. 


Action: With the origin fixed, elevates the scapula, and 
assists in rotation so that the glenoid cavity faces cau- 
dally. With the insertion fixed and acting unilaterally, 
laterally flexes the cervical vertebrae, and rotates toward 
the same side. Acting bilaterally, the levator may assist 
in extension of the cervical spine. 


Nerve: Cervical, 3, 4 and Dorsal scapular, C4. 5. 







TRAPEZIUS 


Origin of Upper Fibers: External occipital protuberance, 
medial V3 of superior nuchal line, ligamentum nuchae and 
spinous process of the seventh cervical vertebra. 


Origin of Middle Fibers: Spinous processes of the first 
through fifth thoracic vertebrae. 


Origin of Lower Fibers: Spinous processes of the sixth 
through 12th thoracic vertebrae. 


Insertion of Upper Fibers: Lateral '/3 of the clavicle 
and acromion process of the scapula. 


Insertion of Middle Fibers: Medial margin of the 
acromion and superior lip of the spine of the scapula. 


Insertion of Lower Fibers: Tubercle at the apex of the 
spine of the scapula. 


Action: With origin fixed, adduction of scapula, per- 
formed chiefly by the middle fibers, with stabilization 
by upper and lower fibers. Rotation of scapula so gle- 
noid cavity faces cranially, performed chiefly by upper 
and lower fibers, with stabilization by middle fibers. In 
addition, upper fibers elevate, and lower fibers depress, 
the scapula. With the insertion fixed and acting unilat- 
erally, upper fibers extend, laterally flex, and rotate the 
head and joints of the cervical vertebrae so face turns to- 
ward the opposite side. With insertion fixed and acting 
bilaterally, the upper trapezius extends the neck. The 
trapezius also acts as an accessory muscle of respiration. 


Nerve: Spinal portion of cranial nerve XI (accessory) 
and ventral ramus, C2, 3, 4. 
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Patient: Prone. 


Fixation: None on the part of the examiner is necessary, 
but it is assumed that the adductors of the shoulder joint 
have been tested and found to be strong enough to hold 
the arm for use as a lever in this test. 


Test: Adduction and elevation of the scapula, with me- 
dial rotation of the inferior angle. To obtain this position 
of the scapula and leverage for pressure in the test, the 
arm is placed in the position as illustrated. With the el- 
bow flexed, the humerus is adducted toward the side of 
the body in slight extension and slight lateral rotation. 

The test is to determine the ability of the rhomboids 
to hold the scapula in the test position as pressure is ap- 
plied against the arm. (See alternate test, p. 328.) 


Pressure: The examiner applies pressure with one hand 
against the patient's arm, in the direction of abducting 
the scapula and rotating the inferior angle laterally and 
against the patient's shoulder, with the other hand in the 
direction of depression. 


Weakness: The scapula abducts and the inferior angle 
rotates outward. The strength of adduction and extension 
of the humerus is diminished by loss of rhomboid fixa- 
tion of the scapula. Ordinary function of the arm is af- 
fected less by loss of the rhomboid strength than by loss 
of either trapezius or serratus anterior strength. 


Shortness: The scapula is drawn into a position of ad- 
duction and elevation. Shortness tends to accompany 
paralysis or weakness of the serratus anterior, because 
the rhomboids are direct opponents of the serratus. (See 
p. 336.) 


Modified Test: If the shoulder muscles are weak, the ex- 
aminer places the scapula in the test position and at- 
tempts to abduct, depress, and derotate the scapula. 


Note; The accompanying photograph shows the 
rhomboids in a state of contraction. (See p. 306for 
right rhomboids in neutral position and left rhom- 
boids in elongated position.) 


ALTERNATE RHOMBOID TEST 


ALTERNATE RHOMBOID TEST 


If a position of medial rotation of the humerus and ele- 
vation of the scapula is permitted during testing of the 
middle trapezius, it ceases to be a trapezius test. As seen 
in this illustration, the humerus is medially rotated, and 
the scapula is elevated, depressed anteriorly, and ad- 
ducted by rhomboid action rather than by middle trapez- 
ius action. A comparison of this photograph with the one 
on the facing page gives an example of what is meant by 
obtaining the specific action in which a muscle is the 
prime mover. 


The marked difference that often exists between 
strength of the rhomboids and of the trapezius is dra- 
matically demonstrated by careful testing. 





Patient: Prone. 


Fixation: Same as for middle trapezius, except the mid- 
dle deltoid does not assist as an intervening muscle and 
the elbow extensors are necessary intervening muscles. 


Test: Adduction and elevation of scapula, with a down- 
ward rotation (medial rotation of the inferior angle). The 
position of the scapula is obtained by placing the shoul- 
der in 90° abduction and in sufficient medial rotation to 
move the scapula into the test position. The palm of the 
hand faces in a caudal direction. 


Pressure: Against the forearm, in a downward direction 
toward the table. 








MIDDLE TRAPEZIUS 





MIDDLE TRAPEZIUS 





Patient: Prone. 


Fixation: The intervening shoulder joint extensors (pos- 
terior deltoid, teres minor, and infraspinatus, with assis- 
tance from the middle deltoid) must give necessary fix- 
ation of the humerus to the scapula to use the arm as a 
lever. To a lesser extent, the elbow extensors may need 
to give some fixation of the forearm to the humerus. 
However, with the shoulder laterally rotated, the elbow 
is also rotated into a position so that downward pressure 
on the forearm is exerted against the elbow laterally 
rather than in the direction of elbow flexion. 


The examiner provides fixation by placing one hand 
on the opposite scapular area to prevent trunk rotation, 
as illustrated above. (The examiner's hand in the pho- 
tograph merely indicates the downward direction of 
pressure.) 


Test: Adduction of the scapula, with upward rotation 
(lateral rotation of the inferior angle) and without eleva- 
tion of the shoulder girdle. 

The test position is obtained by placing the shoul- 
der in 90° abduction and in lateral rotation sufficient 
to bring the scapula into lateral rotation of the inferior 
angle. 


The teres major is a medial rotator attached along 
the axillary border of the scapula. Traction on this mus- 
cle as the arm is laterally rotated draws the scapula into 
lateral rotation. The degree of shoulder rotation neces- 
sary to produce the effect on the scapula will vary ac- 
cording to the tightness or laxity of the medial rotators. 
Usually, rotation of the arm and hand into a position so 
that the palm of the hand faces cranially will indicate 
good positioning of the scapula. 

Both the trapezius and the rhomboids adduct the 
scapula, but they differ in their action of rotation. Dif- 
ferentiating these muscles in testing is based on their ro- 
tation actions. 

In addition to placing the parts in precise test position, 
it is necessary to observe the scapula during the testing to 
make sure that rotation is maintained as pressure is applied. 


Pressure: Against the forearm, in a downward direction 
toward the table. 


Weakness: Results in abduction of the scapula and a 
forward position of the shoulder. 

The middle and lower trapezius reinforce the tho- 
racic spine extensors. Weakness of these fibers of the 
trapezius increases the tendency toward a kyphosis. 
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LOWER TRAPEZIUS 


LOWER TRAPEZIUS TEST 
Patient: Prone. 


Fixation: The intervening shoulder extensors, particu- 
larly the posterior deltoid, must give the necessary fixa- 
tion of the humerus to the scapula, and to a lesser ex- 
tent, the elbow extensors need to hold the elbow in 
extension. (See explanation, p. 329.) 

The examiner provides fixation by placing one hand 
below the scapula on the opposite side (not shown). 


Test: Adduction and depression of the scapula, with lat- 
eral rotation of the inferior angle. The arm is placed di- 
agonally overhead, in line with the lower fibers of the 
trapezius. Lateral rotation of the shoulder joint occurs 
along with elevation, so it usually is not necessary to 
further rotate the shoulder to bring the scapula into lat- 
eral rotation. (See explanation on previous page.) 


Pressure: Against the forearm, in a downward direction 
toward the table. 


Weakness: Allows the scapula to ride upward and tilt 
forward, with depression of the coracoid process. If the 
upper trapezius is tight, it helps to pull the scapula up- 
ward and acts as an opponent to a weak lower trapezius. 


Not©: Tests for the lower and middle trapezius are 
especially important during examination of cases 
with faulty shoulder position or with upper back or 
arm pain. 











MODIFIED TRAPEZIUS TEST 
(NOT ILLUSTRATED) 


For use when the posterior shoulder joint muscles are 
weak. 


Patient: Prone, with the shoulder at the edge of the table 
and the arm hanging down over the side of the table. 


Fixation: None. 


Test: Supporting the weight of the arm, the examiner 
places the scapula in a position of adduction, with some 
lateral rotation of the inferior angle and without eleva- 
tion of the shoulder girdle. 


Pressure: As the support of the arm is removed, the 
weight of the suspended arm will exert a force that tends 
to abduct the scapula. A very weak trapezius will not 
hold the scapula adducted against this force. If the trape- 
zius can hold the scapula in adduction against the weight 
of the suspended arm, then resist against the middle por- 
tion by pressure in the direction of abduction and against 
the lower portion by pressure in a diagonal direction to- 
ward abduction and elevation. When recording the grade 
of strength, note that pressure was applied on the scapula, 
because the arm could not be used as a lever. 
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Lig 





nuchal 


Patient: Sitting. 
Fixation: None necessary. 


Test: Elevation of the acromial end of the clavicle and 
scapula, and posterolateral extension of the neck, bring- 
ing the occiput toward the elevated shoulder with the 
face turned in the opposite direction. 

The upper trapezius can be differentiated from other 
elevators of the scapula, because it is the only one that 
elevates the acromial end of the clavicle and the scapula. 
It also laterally rotates the scapula as it elevates, in con- 
trast to the straight elevation that occurs when all eleva- 
tors contract, as in shrugging the shoulders. 


Pressure: Against the shoulder, in the direction of de- 
pression, and against the head, in the direction of flex- 
ion anterolateral I v. 


UPPER TRAPEZIUS 





Weakness: Unilaterally, weakness decreases the ability 
to approximate the acromion and the occiput. Bilater- 
ally, weakness decreases the ability to extend the cervi- 
cal spine (e.g., to raise the head from a prone position). 


Shortness: Results in a position of elevation of the 
shoulder girdle (commonly seen in prize fighters and 
swimmers). In a faulty posture with a forward head po- 
sition and kyphosis, the cervical spine is in extension, 
and the upper trapezius muscles are in a shortened posi- 
tion. 


Contracture: Unilateral contracture frequently is seen 
in cases of torticollis. For example, the right upper trapez- 
ius usually is contracted along with a contracture of the 
right sternocleidomastoid and scaleni. (See p. 156.) 





Weakness of Whole Trapezius: Results in abduction 
and medial rotation of the scapula, with depression of 
the acromion, and interferes with ability to raise the arm 
in abduction overhead. (See p. 337 for posture of shoul- 
der when the entire trapezius is paralyzed.) 
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SERRATUS ANTERIOR 


SERRATUS ANTERIOR 


Origin: Outer surfaces and superior borders of the up- 
per eight or nine ribs. 


Insertion: Costal surface of the medial border of the 
scapula. 


Action: With the origin fixed, abducts the scapula, ro- 
tates the inferior angle laterally and the glenoid cavity 
cranially, and holds the medial border of the scapula 
firmly against the rib cage. In addition, the lower fibers 
may depress the scapula, and the upper fibers may ele- 
vate it slightly. 

Starting from a position with the humerus fixed in 
flexion and the hands against a wall (see the standing 
serratus test, p. 334), the serratus acts to displace the 
thorax posteriorly as the effort is made to push the body 
away from the wall. Another example of this type of ac- 
tion is a properly executed push-up. 

With the scapula stabilized in adduction by the 
rhomboids, thereby fixing the insertion, the serratus may 
act in forced inspiration. 


Nerve: Long thoracic, C5, 6, 7, 8. 





Patient: Supine 


Fixation: None necessary, unless the shoulder or elbow 
muscles are weak, in which case the examiner supports 
the extremity in the perpendicular position during the 
test. 


Test: Abduction of the scapula, projecting the upper ex- 
tremity anteriorly (upward from the table). Movement of 
the scapula must be observed and the inferior angle pal- 
pated to ensure that the scapula is abducting. Projection 
of the extremity can be accomplished by action of the 
pectoralis minor (aided by the levator and rhomboids) 
when the serratus is weak, in which case the scapula tilts 
forward at the coracoid process and the inferior angle 
moves posteriorly and in the direction of medial rotation. 
The firm surface of the table supports the scapula. There- 
ore, there will be no winging, and the pressure against 
the hand may elicit what appears to be normal strength. 
Because this type of substitution can occur during this 
test, the test in the sitting position (as described on the 
acing page) is more accurate and is preferred. 





Pressure: Against the subject's fist, transmitting the 
pressure downward through the extremity to the scapula 
in the direction of adducting the scapula. Slight pressure 
may be applied against the lateral border of the scapula 
as well as against the fist. 


Medical portal MedWedi.ru 





PREFERRED TEST 


Patient: Sitting. 


Fixation: If the trunk is stable, none by the examiner 
should be necessary. However, the shoulder flexors must 
be strong to use the arm as a lever in this test. Allow the 
subject to hold on to the table with one hand. 


Test: The ability of the serratus to stabilize the scapula 
in a position of abduction and lateral rotation, with the 
arm in a position of approximately 120° to 130° of flex- 
ion. This test emphasizes the upward rotation action of 
the serratus in the abducted position, as compared to the 
emphasis on the abduction action shown during the 
supine and standing tests. 


Pressure: Against the dorsal surface of the arm, between 
the shoulder and elbow, downward in the direction of ex- 
tension, and slight pressure against the lateral border of 
the scapula, in the direction of rotating the inferior angle 





SERRATUS ANTERIOR 





medially. The thumb against the lateral border (as shown 
in the drawing) acts more to track the movement of the 
scapula than to offer pressure. 

For purposes of photography, the examiner in this 
case stood behind the subject and applied pressure with 
the fingertips on the scapula as illustrated. In practice, 
however, it is preferable to stand beside the subject and 
apply pressure as illustrated by the inset. It is not advis- 
able to use a long lever by applying pressure on the fore- 
arm or at the wrist, because the intervening shoulder 
flexors will often break before the serratus. 


Weakness: Makes it difficult to raise the arm in flexion. 
Results in winging of the scapula. With marked weak- 
ness, the test position cannot be held. With moderate or 
slight weakness, the scapula cannot hold the position 
when pressure is applied on the arm. Because the rhom- 
boids are direct opponents of the serratus, the rhomboids 
become shortened in some cases of serratus weakness. 
(See also p. 338.) 








Тг. 


STANDING TEST 


Patient: Standing. 
Fixation: None necessary. 


Test movement: Facing a wall and with the elbows 
straight, the subject places both hands against the wall, 
either at shoulder level or slightly above. To begin, the 
thorax is allowed to sag forward so that the scapulae are 
in a position of some adduction. The subject then pushes 
hard against the wall, displacing the thorax backward, 
until the scapulae are in a position of abduction. 








Resistance: The thorax acts as resistance in this test. By 
fixation of the hands and extended elbows, the scapulae 
become relatively fixed, and the anterolateral rib cage is 
drawn backward toward the scapulae. (In contrast, the 
scapula is pulled forward, toward the fixed rib cage, dur- 
ing the forward thrust of the arm in the supine test shown 
on p. 332.) Because the resistance of displacing the weight 
of the thorax makes this a strenuous test, it will differenti- 
ate only between strong and weak for purposes of grading. 


Weakness: Winging of the right scapula, as seen in the 
above photograph. 


The photograph illustrates the posture of the shoul- 
ders and scapulae as seen in some cases of mild serratus 
weakness. Slight winging of the scapulae is readily vis- 
ible because the upper back is straight. However, one 
must not assume the presence of serratus weakness only 
on the basis of appearance. When the upper back is 
straight, the scapulae may be prominent even if the ser- 
ratus is normal in strength. 

With a round upper back, the scapulae will be ele- 
vated and adducted by the rhomboids, which are direct 
opponents of the serratus anterior. 

Mild serratus weakness is more prevalent than gen- 
erally realized, and weakness tends to be more on the 
left than on the right, regardless of handedness. When 
weakness exists, it can be aggravated by attempting 
strenuous exercises, such as push-ups. 








SERRATUS ANTERIOR 








The above photograph shows the extent to which 
the right arm could be elevated overhead with the sub- 
ject in a standing position. With paralysis of the right 
serratus anterior, the arm could not be raised directly 
forward, and the right scapula could neither be abducted 
nor fully rotated as on the normal (left) side. The trapez- 
ius compensated, to some extent, in the rotation of the 
scapula by action of the upper and lower fibers, which 
stand out clearly. In repeating the movement five or six 
times, however, the muscle fatigued, and the ability to 
raise the arm above shoulder level decreased. 


Subjects without any paralysis show a wide range of 
strength in the lower and middle trapezius. This varia- 
tion in strength is associated with postural or occupa- 
tional stress on these muscles. The grade of strength will 
range from fair to normal. Because of these wide differ- 
ences, variations also are found in the ability to raise an 
arm overhead among those who develop marked weak- 
hess or isolated paralysis of the serratus. If an individual 
already has marked trapezius weakness of a postural or 
an occupational nature and, subsequently, incurs paraly- 


sis of the serratus, that person will not be able to raise 
the arm overhead as in the accompanying illustration. 

The serratus anterior assists in elevation of the arm 
in the forward plane by its actions of abduction and up- 
ward rotation. By its abduction action, it moves the arm 
in an anterior direction (i.e., protracts the arm). By its re- 
verse action, during the push-up, it helps to move the up- 
per trunk in a posterior direction. When the push-up is 
properly done, the scapulae abduct as the body is pushed 
upward. When the scapulae remain in an adducted posi- 
tion during the push-up, however, the excursion of the 
trunk movement is not as great as when the scapulae 
move into abduction. 

The senior author of this text has tested the serratus 
anterior muscle in hundreds of "normal" individuals. 
The test in supine position, as the test is traditionally 
done (see p. 332), rarely discloses any weakness. The 
scapula will not wing, because it is supported by the 
table, and a strong pectoralis minor tilts the shoulder for- 
ward to hold the arm forward in (apparent) test position 
against pressure. When the same group of individuals is 
tested with the preferred test position (i.e., arm in -120° 
of flexion), the results are very different. 

In groups of approximately 20 individuals, one or 
two might be strong on both the right and the left sides, 
and one might be weaker on the right than on the left 
side (regardless of handedness). The rest may be about 
equally divided between being weaker on the left than 
on the right or being bilaterally weak (with some propen- 
sity for the left side being weaker). 

Aside from the usual distribution, it has been nec- 
essary, at times, to have a separate category for persons 
who exhibit good strength through part of the range of 
motion of abduction while attempting to support the 
weight of the arm in flexion. The scapula can be pas- 
sively brought forward into the test position by pulling 
the arm diagonally upward and forward, but it immedi- 
ately slips back as the subject attempts to hold the arm 
in test position. This weakness can best be described as 
a stretch weakness of the serratus. Stretching that has 
taken place is graphically illustrated on the following 
page. Invariably, those who fall into the special cate- 
gory are persons who have engaged in many push-ups, 
bench presses, or activities involving strong rhomboid 
action. A person may start doing push-ups properly, but 
when the serratus fatigues, the scapulae remain ad- 
ducted and the push-up is continued by the action of the 
pectoralis major and the triceps—to the detriment of the 
serratus. 











Figure A: When the arm is raised in flexion, to position 
the scapula for the serratus test, the scapula does not 
move to the normal position of abduction, (see p. 333.) 
However, the Serratus appears to test strong in that po- 
sition (probably because of over development of shoul- 
der flexors). Figure F below shows the same subject. 
The winging of the scapula clearly indicates weakness 
of the serratus anterior 








Figure D: This subject has routinely performed both 
bench presses and shoulder adduction exercises, including 
seated rowing and "bent-over rowing" with heavy weights. 
As seen in the photographs (Figures D-F). the rhomboids 
have become overdeveloped. The rhomboids are direct 
opponents of the serratus, and this type of exercise is 
contraindicated in the presence of serratus weakness. 
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The left and right figures show two views of the 
same subject. He performed a push-up in spite of 
extreme weakness of the serratus anterior and 
without complaint of pain. 


Note: See p.252 regarding muscles that an 
supplied by nerves that are motor only. 





Figure B: The scapula can be brought forward to almost 
normal abduction if the subject relaxes the weight of the 
arm and allows the examiner to draw the arm diagonally 
forward into the test position. 


Figure C: The scapula cannot hold the abducted and up- 
wardly rotated position when the examiner releases the 
arm, and the subject attempts to hold it in position. 








Figure E: In a prone position, resting on the forearms, 
winging of the scapulae is observed. The serratus is un- 
able to hold the abducted position against resistance of 
fered by the weight of the trunk in this position. 


Figure F: This photograph shows the abnormal position 
that the scapulae assume at rest. 





The above photograph shows the subject's inability to 
raise the arm overhead when both the serratus and trapez- 
ius are paralyzed. The winging of the medial border of 
the scapula makes it appear that the rhomboids were 
weak even though, in fact, they were not. (See photo at 


right.) 


PARALYZED RIGHT TRAPEZIUS 
AND NORMAL SERRATUS 


Um. | 4 


Raising the arm sideways (їп the coronal plane) requires 
abduction of the shoulder joint, accompanied by upward 
rotation of the scapula in an adducted position. With 
paralysis of the trapezius, the scapulae cannot be rotated 
in the adducted position. Hence, the movement of shoul- 
der abduction is limited, as seen in the photograph at left 
above. 

Raising the arm forward (in the sagittal plane) re- 
quires that the scapula upwardly rotate in the abducted 
position. With an intact serratus, the arm could be raised 
higher in flexion than in abduction, as seen in the pho- 
tograph at right above. 

With a weak serratus and strong trapezius, the arm 
could be raised higher in abduction than in flexion. 


PARALYSIS OF RIGHT TRAPEZIUS AND 
SERRATUS ANTERIOR 





The above photograph shows the abnormal position of 
the right scapula that results from a paralysis of both the 
trapezius and serratus anterior. The acromial end is ab- 
ducted and depressed. The inferior angle is rotated me- 
dially and elevated. The rhomboids were strong. 


CASES OF SERRATUS 

ANTERIOR PARALYSIS 

During a time of hospital affiliation, the Kendalls ex- 
amined and treated numerous cases of serratus ante- 
rior paralysis. Depending on the etiology, some pa- 
tients had pain associated with the paralysis, but not 
in the area of the muscle itself. Additionally, some pa- 
tients did not complain of pain before, during, or for 
a while after the onset of paralysis. Early complaints 
were about the inability to use the arm normally. In 
some cases, when the onset was gradual, patients made 
no complaints until weakness became more and more 
pronounced. When the effects of serratus weakness 
created secondary problems involving other struc- 
tures, patients complained of pain or discomfort in 
areas other than that of the serratus muscle, such as 
the neck or shoulder. Significant to such history is the 
fact that the long thoracic nerve to the serratus is 
purely motor. (See p. 252; see also Appendix B) 









SECTION ІУ PAINFUL CONDITIONS OF 
THE UPPER BACK AND ARM 


Management of painful conditions of the upper extrem- 
ity requires careful evaluation, including a detailed his- 
tory and objective observation and testing. Although it is 
necessary to test for both range of motion and strength 
before establishing a diagnosis, pain management, 
through support and protection of the injured or painful 
part, must be the first priority. Understanding that the 
onset of pain may be delayed in conditions involving 
nerves to the muscle that are motor only (see p. 252) is 
an important consideration relating to the duration of the 
problem. 

The reasons for, and the source of, pain in the up- 
per back remain a matter of conjecture. Unlike areas 
where muscles are supplied by nerves that are both sen- 
sory and motor, the rhomboids and serratus anterior are 
supplied by nerves that are motor only. Consequently, 
the usual sensory symptoms associated with stretched or 
tight muscles are not present in these conditions (see p. 
252). The spinal accessory nerve to the trapezius con- 
tains some sensory as well as motor fibers. Sensory in- 
nervation also occurs via the spinal nerve branches (see 
p.26) 


PAINFUL CONDITIONS OF THE 


UPPER BACK 


WEAKNESS OF UPPER BACK 
ERECTOR SPINAE 


Weakness of the upper back erector spinae develops as 
the shoulders slump forward and the upper back rounds. 
If the back has not become fixed in the faulty position, 
exercises are indicated to help strengthen the upper back 
extensors and to stretch the opposing anterior trunk mus- 
cles if they have begun to shorten. Proper shoulder sup- 
ports are indicated while the muscles are very weak. 

The middle and lower portions of the trapezius mus- 
cles reinforce the upper back extensors and help to hold 
the shoulders back. The manner in which these muscles 
are exercised is very important. (The wall-sitting and wall- 
standing exercises are illustrated on pp. 116 and 357.) 

It is necessary to check whether opposing tightness 
limits the range of motion before attempting the exer- 
cises. Tests for length of the latissimus dorsi and teres 
major, pectoralis major, and pectoralis minor should be 
performed. (See pp. 306 and 309.) Tightness in the up- 
per anterior abdominal muscles and restriction of chest 
expansion will also interfere with efforts to straighten 
the upper back. 
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Pain may occur both in and around joints, or in 
closely related areas, as a result of changes in alignment 
of the scapula and shoulder girdle. Alternatively, pain 
may be most pronounced in the area of muscle attach- 
ments to bone. 

The loss of normal movement in one area may re- 
sult in excessive movement in another. Whatever the 
cause of related pain, the treatment of choice is restora- 
tion of muscle balance to facilitate normal movement, 
both through stretching tight muscles and strengthen- 
ing weak muscles and through use of supports when in- 
dicated. 


The treatment suggestions in this section focus on 
important basics in protection, support, alignment and 
restoration of both length and strength, with emphasis 
on a corrective home program to be performed regularly 
by the patient. This approach is often all that is needed 
to achieve a positive outcome. (It is beyond the scope 
of this text to include other treatment options, such as 
electrical stimulation, isokinetics апа  weight/ 
fitness training.) 





As a general rule, exercises for the rhomboid mus- 
cles are not indicated. Although these muscles pull the 
shoulders back, they do so in a manner that elevates the 
shoulder girdle and tends to tip it forward in a faulty pos- 
tural position. Besides, the rhomboids are usually strong. 


SHORT RHOMBOIDS 


Rhomboids may shorten as a result of forceful exercises 
in the direction of adduction, elevation and downward 
rotation of the scapula. They also may shorten as a re- 
sult of weakness or paralysis of the serratus anterior, 
which is a direct opponent of the rhomboids. Treatment 
by massage and stretching of the rhomboids is indicated. 
Placing the arm forward in flexion of the shoulder nor- 
mally brings the scapula in the direction of abduction. 
When the rhomboids are contracted, it is difficult to ob- 
tain an abducted position merely by positioning the arm. 
To stretch the rhomboids, it is necessary to apply some 
pressure against the vertebral border of the scapula, in 
the direction of abduction. 
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MIDDLE AND LOWER 

TRAPEZIUS STRAIN 

Middle and lower trapezius strain refers to the painful 
upper back condition that results from gradual and con- 
tinuous tension on the middle and lower trapezius mus- 
cles. This condition is rather prevalent, and it usually is 
chronic. It does not have an acute onset unless associ- 
ated with injury, but chronic symptoms may reach a 
point of being very painful. 

Symptoms of pain do not appear early. The weak- 
ness may be present for some time without many com- 
plaints. It appears, however, that complaints of pain are 
associated with traction by the muscle on its bony at- 
tachments along the spine. Patients may complain of a 
sore spot, or palpation may elicit pain or acute tender- 
ness in the areas of vertebral or scapular attachments of 
the middle and lower trapezius. 

The stretch weakness of the muscles that precedes 
the chronic muscle strain may result from a habitual po- 
sition of forward shoulders, round upper back, or the 
combination of these two faults. It also may result from 
the shoulders being pulled forward by overdeveloped, 
short anterior shoulder-girdle muscles. Repetitive move- 
ments associated with some sports, such as baseball, 
may contribute to overdevelopment of shoulder adduc- 
tor muscles. Occupations that require continuous move- 
ment with the arms in a forward position, such as piano 
playing, contribute to stretching of the trapezius muscles. 

Some occupations require held positions for ex- 
tended periods of time. An example is the dentist bend- 
ing forward over the patient, putting strain on the upper 
back muscles and stress on the anterior surfaces of the 
bodies of the thoracic vertebrae. 





MIDDLE AND LOWER TRAPEZIUS SRAIN 


For some individuals, recumbency or change of sit- 
ting posture may remove the element of continuous ten- 
sion on the trapezius, but in individuals with tight shoul- 
der adductors and coracoclavicular fascia, tension is 
continuously present. Change of position does not 
change the alignment of the part when such tightness 
exists. Pain is relieved very little—if at all—by recum- 
bency. 

Tests for length of the shoulder adductors and in- 
ternal rotators should be done to determine whether 
tightness exists. (See pp. 309 and 310.) If tightness is 
present, gradual stretching of the tight muscles and fas- 
cia is indicated. Some effective relief of pain should be 
achieved in a short time if gentle treatment is given daily. 

With marked weakness of the middle and lower 
trapezius, regardless of whether opposing tightness ex- 
ists, a shoulder support is often indicated. Such a sup- 
port can effectively assist in the effort to hold the shoul- 
ders back in a position that relieves tension on the 
muscles. 


An elastic, vest-type 
support to help hold 
the shoulders back, 


Shoulder support with 
stays in the back to help 
support the upper back 
and hold the shoulders 
back. 


Note: Avoid applying heat and massage to the 
upper back over the area of muscle stretch. Such 
measures merely relax the already stretched mus- 
cles. After a support has been applied, and along 
with treatment to correct opposing muscle tight- 
ness, exercises should be given to strengthen the 
lower and middle trapezius muscles. (See pp. 116 
and 357.) 
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PAINFUL CONDITIONS OF THE UPPER 
BACK 





MIDDLE AND UPPER BACK PAIN 
FROM OSTEOPOROSIS 


Thoracic kyphosis is a primary deformity in osteoporo- 
sis, usually accompanied by compensatory extension of 
the cervical spine. Complaints of upper middle and low 
back pain are common and can best be treated by gen- 
tle efforts to reduce the postural deformity and prevent 
further progression before the faulty posture becomes a 
fixed structural fault. If a support can be tolerated, en- 
courage the patient to use one to help maintain the best 
possible alignment. As tolerated, exercises should be 
done to help maintain functional range of motion and 
develop strength. 

For patients (usually older people) with a fixed kypho- 
sis of the spine, little correction can be obtained. Some 


correction of the forward shoulders may be possible, but 
the basic faults cannot be altered. A Taylor-type brace (see 
p. 226) may be used to prevent progression of the defor- 
mity and to give some relief from painful symptoms. 

For some women, the weight of heavy breasts that 
are not adequately supported contributes to the faulty 
position of the upper back, neck and shoulders. (See 
page 343.) 

Subjects with a round upper back often develop 
symptoms in the posterior neck. As the thoracic spine 
flexes into a kyphosis, the head is carried forward, the 
eyes seek eye level to preserve the erect position of the 
head, and the cervical spine is extended (see pp. 152 and 
153). Symptoms associated with this problem are de- 
scribed under Tightness of Posterior Neck Muscles on 
page 159. 





The subject pictured here exhibits a posture typical of osteoporosis—thoracic kyphosis, posterior pelvic tilt with 
protruding abdomen, and compensatory neck hyperextension. Because the deformity was still somewhat flexi- 
ble, correction was achieved by connecting an upper back support with posterior stays to a panty brief by using 
soft strapping and Velcro. This provides support to the thoracic spine in standing and sitting, with improved 

head and neck alignment 








P 
^ 
= 





A vest-type upper back posture support сап also be 


effective in improving alignment. 
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PAINFUL CONDITIONS OF THE ARM 





Localized or radiating pain in the arm often is the result 
of faulty alignment that causes compression or tension 
on nerves, blood vessels, or supporting soft tissues. The 
faulty alignment may be primarily in the neck, upper 
back or shoulder girdle. More often, however, all three 
areas are involved, and treatment must be directed to- 
ward overall correction. 

Under normal conditions and through normal range 
of motion, it may be presumed that a muscle will not ir- 
ritate a nerve that lies in close proximity to or pierces 
the muscle. A muscle that is drawn taut, however, be- 
comes firm and has the potential for exerting a force of 
compression or friction. A muscle that has developed 
adaptive shortness moves through less range and be- 
comes taut before reaching normal length; a stretched 
muscle moves through more than normal range before 
becoming taut. A taut muscle, especially a weight-bear- 
ing muscle, can cause friction on a nerve during repeti- 
tive movements. 

In mild cases, the symptoms may be discomfort and 
dull ache rather than sharp pain when the muscles con- 
tract or elongate. Sharp pain may be elicited by vigor- 
ous movements. More often, however, it tends to be in- 
termittent, because the subject finds ways to avoid the 
painful movements. 

Recognizing this phenomenon during the early 
stages can increase the likelihood of finding ways to 
counteract or prevent the more painful or disabling prob- 
lems that develop later. Physical therapists who deal 
with stretching and strengthening exercises have the op- 
portunity to observe early signs of impingement among 
their patients. Examples of such impingement include: 


Teres major with the axillary nerve 

Supinator with the radial nerve (14, 25) 

Pronator with the median nerve (11, 14, 25) 

Flexor carpi ulnaris with the ulnar nerve (26) 

Lateral head of the triceps with the radial nerve 
(14, 25) 

Trapezius with the greater occipital nerve (26) 

Scalenus medius with C5 and C6 root of the 
plexus and the long thoracic nerve (26) 

Coracobrachialis with the musculocutaneous (11, 14) 


THORACIC OUTLET SYNDROME 


Thoracic outlet syndrome results from compression of 
either the subclavian artery or the brachial plexus within 
the channel bordered by the scalenus anterior and pos- 
terior muscles of the first rib. The diagnosis is often puz- 
zling and controversial. It encompasses numerous simi- 
lar clinical entities, including scalenus anticus, 
hyperabduction, costoclavicular, costodorsal outlet, pec- 
toralis minor and cervical rib syndromes. 

Symptoms are varied and may be neurogenic or vas- 
cular in origin. Parasthesia and diffuse "aching" pain 
over the whole arm are common. The condition is ag- 
gravated by carrying, lifting, or engaging in activities 
such as playing a musical instrument. 

When present, muscle atrophy usually affects all the 
intrinsic muscles of the hand. Tendon reflexes are not 
altered. Arterial compression is a less common cause 
than was once thought, but symptoms such as coldness, 
aching in the muscles, and /oss of'strength with contin- 
ued use can reflect vascular compromise. As Dawson et 
al., state, "The proper diagnostic test should be the pro- 
duction of the neurologic symptoms of arm abduction, 
whether or not there is a change in the pulse or the ap- 
pearance of a bruit" (14). 

Unless symptoms are severe and clearly defined, 
conservative treatment should emphasize increasing the 
space of the thoracic outlet by improving the posture, 
correcting the muscle imbalance, and modifying the 
occupational, recreational, and sleeping habits that ad- 
versely affect the posture of the head, neck and upper 
back. Cooperation by the patient is essential to success. 
The patient should be taught self-stretching exercises to 
relieve tightness in the scaleni, sternocleidomastoid, pec- 
toral muscles and neck extensors. (See p. 116 and exer- 
cise sheets, p. 357.) Learning to do diaphragmatic breath- 
ing will lessen involvement of the accessory respiratory 
muscles, some of which are in need of stretching. Sleep- 
ing in a prone position should be avoided, and activities 
that involve raising the arms overhead should be kept to 
a minimum. Research has shown that "with conservative 
therapy [and] . . . exercises designed to correct slump- 
ing shoulder posture, ... at least two out of three pa- 
tients improve to a satisfactory degree" (14) 
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PAINFUL CONDITIONS OF THE ARM 


CORACOID PRESSURE SYNDROME 


Coracoid pressure syndrome (see Classic Kendall on this 
page) is a condition of arm pain that involves compres- 
sion of the brachial plexus. It is associated with muscle 
imbalance and faulty postural alignment (27). 

At the level of attachment of the pectoralis minor to 
the coracoid process of the scapula, the three cords of 
the plexus and the axillary artery and vein pass between 
these structures and the rib cage. (See figure, opposite.) 
In normal alignment of the shoulder girdle, there should 
be no compression on the nerves or blood vessels. For- 
ward depression of the coracoid process, which occurs 
in some types of faulty postural alignment, tends to nar- 
row this space. 

The coracoid process may be tilted downward and 
forward either because of tightness in certain muscles or 
because weakness of other muscles allows it to ride into 
that position. The painful arm conditions are more often 
found when the tightness factor predominates. 

The muscle that acts to depress the coracoid process 
anteriorly is chiefly the pectoralis minor. The upward 
pull of the rhomboids and levator scapulae posteriorly 
aid in the upward shift of the scapula that goes along 
with the anterior tilt. Tightness of the latissimus dorsi af- 
fects the position indirectly through its action to depress 
the head of the humerus. Tightness of the sternal part of 
the pectoralis major acts in a similar manner. In some in- 
stances, tightness of the biceps and coracobrachial, 
which originate on the coracoid process along with the 
pectoralis minor, appears to be a factor. Muscle tightness 
may be ascertained by the shoulder adductor and inter- 
nal rotator length tests. (See pp. 309, 310.) 


Weakness of the lower trapezius contributes to the 
faulty shoulder position. Stretch weakness of this mus- 
cle allows the scapula to ride upward and tilt down an- 
teriorly, and it favors an adaptive shortening of the pec- 
toralis minor. 

In the acute stage, moderate or even slight pressure 
over the coracoid process usually elicits pain down the arm. 
Soreness is acute in that spot and in the area described by 
the pectoralis minor muscle along the chest wall. 

The pain down the arm may be generalized or pre- 
dominantly of lateral or medial cord distribution. There 
may be tingling, numbness or weakness. The patient of- 
ten complains of loss of grip in the hand. Evidence of cir- 
culatory congestion, with puffiness of the hand and en- 
gorgement of the blood vessels, may be present. In cases 
of marked disturbance, the hand may be somewhat cyan- 
otic in appearance. The patient will complain of increased 


Scalenus med. 
Levator scap. 


Scalenus ant. 


Brachial plexus 
Trapezius 


Subclavian art 


Med. pectoral n. Pectoralis minor 


pain when wearing a heavy overcoat, trying to lift a heavy 
weight, or carrying a suitcase with that arm. Pressure can 
also be caused by a backpack or a shoulder bag. 
Frequently, the area extending from the occiput to 
the acromion process, which corresponds to the upper 
trapezius muscle, is sensitive and painful. This muscle is 
in a state of "protective spasm" in an effort to lift the 
weight of the shoulder girdle and thus relieve pressure 
on the plexus. The muscle tends to remain in a state of 
contraction unless effective treatment is instituted. 


CLASSIC KENDALL 


"The Coracoid Pressure" syndrome was reported by | 
the Kendalls in 1942. It was presented at a Joint Meet- 
ing of the Baltimore and Philadelphia Orthopedic So- 
ciety, March 17, 1947, by E. David Weinberg, M.D., | 
and was later referred to in an article by Dr. Irvin 

| Stein (28). 
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Treatment in the acute stage consists first of applying 
a sling (see p. 345, Figure B) that supports the weight of 
the arm and shoulder girdle, relieving pressure on the 
plexus and taking the workload off the upper trapezius. 
Heat and massage may be applied to the upper trapezius 
and other muscles that exhibit tightness. Massage should 
be gentle and relaxing, progressing after a few treatments 
to gentle kneading and stretching (See p. 162.) Slow, pas- 
sive stretching of the pectoralis minor can be initiated (see 
below). If tightness is also present in the pectoralis major, 
latissimus, or both, the involved arm should be placed 
carefully overhead, if tolerated, to place the muscles on a 
slight stretch. Gentle traction is applied with one hand 
while massage is applied with the other (See p. 344.) A 
shoulder support (see p. 339) usually is needed to help 
maintain the correction of alignment and to relieve strain 
on the lower trapezius muscle during the recovery period. 





STRETCH OF PECTORALIS MINOR 


To stretch the pectoralis minor, place the subject in a 
supine position, and press the shoulder backward and 
downward. One hand should be "cupped" just medial to 
the glenoids, avoiding direct pressure on the shoulder 
joints using firm, uniform pressure that helps to rotate 
the shoulder girdle back. 

After strain has been relieved by support and by 
stretching of the tight opposing muscles, specific exer- 
cises are indicated for the middle and lower trapezius. 
(See exercise sheets, pp. 116 and 357.) If the overall pos- 
ture is faulty, general postural correction is needed. 
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Certain exercises to stretch the 
pectoralis minor are contraindicated. 
Head and shoulder raising from a 
back-lying position, as in trunk curls, 
should be avoided, because this 
movement rounds the upper back and 
depresses the coracoid anteriorly, in- ? 
creasing compression in the anterior 
shoulder region. 


AVOID forceful shoulder-extension exercises involving 
thomboid, pectoralis minor and latissimus actions that 
depress the head of the humerus and coracoid process 
and exaggerate the existing faults. (See photo above.) 


Note: Among women with very large breasts, the 
faulty alignment may be accentuated by pressure 
from brassiere straps. In addition, the weight of the 

breasts pulling forward and downward can con- 

tribute to upper and middle back discomfort. A 

"posture bra " that is readily available in stores can 
provide effective support for the breasts and relieve 
bra strap pressure." 





Regular posture bra 
(front view) 


Bra—inadequate support 


i | 


Regular posture bra 
(back view) 


Long-line posture bra 





343 





PAINFUL CONDITIONS OF THE ARM 


TERES SYNDROME 
(QUADRILATERAL SPACE 
SYNDROME) 

The quadrilateral (or quadrangular) space in the axilla is 
bounded by the teres major, teres minor, long head of 
the triceps and humerus. The axillary nerve emerges 
through this space to supply the deltoid and teres minor. 
The area of sensory distribution of the cutaneous branch 
of the axillary nerve is shown on page 256. 

This syndrome is characterized by shoulder pain and 
limitation of shoulder joint motion, particularly rotation 
and abduction. Pain extends into the area of cutaneous 
distribution of the sensory branch of the axillary nerve. 
Tenderness may be elicited by palpation of the quadrilat- 
eral space between the teres major and teres minor. A 
slight or moderate pressure over the space may elicit sharp 
pain radiating into the area of the deltoid muscle. 

The teres major, which is a medial rotator, is usu- 
ally tight and holds the humerus in internal rotation. In 
standing, the arm tends to hang at the side, in a position 
of internal rotation (i.e., the palm of the hand faces more 
toward die back than toward the side of the body) (see 
p. 75). An element of tension exists on the posterior cord 








and axillary branch, produced by the position of the am. 
Pain that is more marked during active motion indicates 
friction on the axillary nerve by the teres muscle in 
movement. Internal or external rotation, whether done 
actively or passively, is painful. With limitation of ex- 
ternal rotation, abduction movements are also painful, 
because the humerus does not rotate outward as it nor- 
mally should during abduction. When stretching a tight 
teres major, a patient may complain of a shooting pain 
in the area of cutaneous sensory distribution of the axil- 
lary nerve. The assumption is that the axillary nerve is 
being compressed or stretched against the tight teres ma- 
jor. The pain that results from direct irritation to the 
nerve is in contrast to the discomfort that is often asso- 
ciated with the usual stretching of tight muscles, and 
is not unlike the encountered in cases of subdeltoid 
bursitis. 

Treatment consists of heat and massage to the areas 
of muscle tightness and active, assisted exercises to stretch 
the medial rotators and the adductors of the humerus. 
Stretching of the arm overhead in flexion or abduction 
and in external rotation is done very gradually. 

With tightness in the teres major, the scapula is 
pulled in abduction as the arm is raised in flexion or ab- 
duction and externally rotated. To insure that stretching 
is localized to the teres, it is necessary to press against 
the axillary border of the scapula when raising the am 
to restrict excessive abduction of the scapula. If the 
scapula moves excessively in the direction of abduction, 
the teres, which is a scapulohumeral muscle, will not be 
stretched, and the rhomboids, which attach the scapula 
to the vertebral column, will stretch too much. 


ASSISTED STRETCH OF TERES 
MAJOR AND LATISSIMUS DORSI 





Assisted stretch of the teres major and latissimus dorsi 
is performed with the patient in a supine position, with 
the hips and knees flexed, the feet flat on table, and the 
low back flat. Hold the scapula to prevent excessive ab- 
duction to localize stretch to the shoulder joint adductors 
and to prevent excessive stretch of the rhomboids. The 
therapist provides traction on the arm while stretching 
the arm overhead. 
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PAIN FROM SHOULDER 
SUBLUXATION 


Shoulder pain resulting from traction on the shoulder 
joint because of loss of tone and malalignment of the 
joint requires special treatment considerations. The cause 
may be paresis secondary to stroke, trauma to the brachial 
plexus, or a lesion of the axillary nerve. Effective man- 
agement requires maintaining joint approximation dur- 
ing rest as well as during treatment to restore motion and 
to improve motor control. 

A special sling, called a shoulder-arm support, helps 
to provide joint approximation and support to protect the 
subluxed shoulder when the patient is sitting or standing 
(30). When used to hold the humerus in the glenoid, the 
shoulder girdle carries the weight of the arm, and the 
sling does not hang on the neck (See Figure A.) Careful 
measurements should be taken for the sling to provide 
the best approximation of the joint and to prevent fur- 
ther stretch, instability, and pain in the weakened upper 
extremity. Measurements are taken with the elbow bent 
at a right angle. A tape measure is held at the top of the 
shoulder, looped down around the forearm, and then 
back up to the shoulder. The number of inches deter- 
mines the size of the sling. 





The  pa- 
tient should be taught how to protect the shoulder when 
not wearing the sling. Proper alignment and approxima- 
tion can be maintained when sitting in an armchair by 
having the affected arm supported on the arm rest. In this 
position, the patient can use die opposite hand to press 
downward on top of the shoulder, making the humerus 
feel snug in the glenoid cavity. Teach the patient to re- 
lax the arm in this position on the arm rest and to avoid 
shrugging the shoulder. Shoulder joint approximation 
must be maintained during active, assisted exercises to 
restore joint motion and function (31). In other words, do 
not let the joint be subluxed at any time. 

The weight of die arm is carried by the neck and op- 
posite shoulder. 





TIGHT SHOULDER 

EXTERNAL ROTATORS 

There may be significant differences in range of motion 
depending on a person's occupation. According to one 
source, "major league pitchers have different ranges of 
motion for each shoulder. In the pitching arm, with the 
shoulder in abduction, there are 11 degrees less exten- 
sion, 15 degrees less internal rotation, and 9 degrees 
more external rotation" (32). 


ASSISTED STRETCH OF SHOULDER 
EXTERNAL ROTATORS 





Assisted stretch of the shoulder external rotators is per- 
formed with the patient in a supine position, with the 
hips and knees flexed, the feet flat on the table, the low 
back flat, and the arm at shoulder level. Starting with the 
elbow bent at a right angle and the forearm in a vertical 
position, have subject hold down the right shoulder with 
firm pressure from the left hand to prevent shoulder-gir- 
dle motion. The therapist provides traction on the arm 
and helps the subject to rotate the shoulder medially. 


CERVICAL RIB 


A cervical rib is a rare, congenital, bony abnormality 
that may—or may not—give rise to symptoms of nerve 
irritation. 

A painful arm condition appearing in a young or mid- 
dle-aged adult is occasionally related to the presence of a 
cervical rib. The posture of the individual with a cervical 
rib often determines whether painful symptoms will oc- 
cur. The appearance of symptoms only after the person 
has reached adulthood may be explained by the fact that 
the posture of the individual has gradually become more 
faulty in alignment, thus causing the relationship of the 
rib and the adjacent nerve trunks to change unfavorably. 

The faulty alignment most likely to cause irritation 
is the type characterized by a round upper back and a 
forward head. Care of a patient with painful symptoms 
resulting from a cervical rib requires postural correction 
of the upper back and neck. This treatment may relieve 
the symptoms completely and obviate the need for a sur- 
gical procedure. 
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USE OF CHARTS FOR 
DIFFERENTIAL DIAGNOSIS 
Muscle strength grades are recorded in the column 
to the left of the muscle names. The grades may be 
in numeral or letter symbols. Either system may be 
used and grades can be translated as indicated on the 
Key to Grading Symbols, p. 23. 

After the grades have been recorded, the nerve in- 
volvement is plotted, when applicable, by circling 
the dot(s) under peripheral supply and the number(s) 
under the spinal segment distribution that corre- 
sponds with each involved muscle. 

The involvement of peripheral nerves and or parts 
of the plexus is ascertained from the encircled dots 
by following the vertical lines upward to the top of 
the chart, or the horizontal lines to the left margin. 
Where there is evidence of involvement at spinal 
segment level, the level of lesion may be indicated 
by a heavy black line drawn vertically to separate 
the involved from the uninvolved spinal segments. 

As a rule, muscles graded good (8) and above 
may be considered as not being involved from a neu- 
rological standpoint. This degree of weakness may 
be the result of such factors as inactivity, stretch 
weakness, or lack of fixation by other muscles. Tt 
should be borne in mind, however, that a grade of 
good might indicate a deficit of a spinal segment 
that minimally innervates the muscle. 

Weakness with grades of fair or less may occur 
as a result of inactivity, disuse atrophy, immobiliza- 
tion, or from neurological problems. Faulty posture 
of upper back and shoulders, may cause weakness of 
middle and lower trapezius. 

It is not uncommon to find bilateral weakness of 
these muscles with grades as low as fair—. It is un- 
likely that there is a neurological problem with in- 
volvement of the spinal accessory nerve in cases of | 
isolated weakness of these muscles unless there is 
involvement of the upper trapezius also. 

The use of the Spinal Nerve and Muscle Charts is 
illustrated by the case studies that follow. 


LL a: = 








The six cases that follow are examples of different neu- 
romuscular problems. 

The subjects were referred for manual muscle testing to 
aid in establishing a diagnosis. They were not seen for fol- 
low-up treatment. 

The results of the manual muscle testing, recorded on the 
Spinal Nerve and Muscle Chart, became an important aid in 
determining the extent and level of lesion. 
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CASE 1: RADIAL NERVE LESION 





NECK, DIAPHRAGM AND UPPER EXTREMITY 


Name 


PERIPHERAL NERVES 
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EE 


Date 
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= Plexus Root 
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KEY —29 0. 
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= Medial Cord 
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CORACOBRACHIALIS 





se 1: Radial 


nerve lesion below the level of the 


branches to the triceps following a fracture of the 


humerus. Initial 
was complete. 


y, the triceps was weak, but recovery 
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Anatomy of the Human Body. 28th ed 


CASE 2: RADIAL MEDIAN, AND ULNAR 
NERVE LESION 





NECK, DIAPHRAGM AND UPPER EXTREMITY 


Name Date 
PERIPHERAL NERVES 


MUSCLE STRENGTH GRADE 


| __SPNAL SEGMENT | 
BEEESEHE 
BBOBomOM 
па: 5 m 








SCALENI (A M. P.) 
STERNOCLEIDOMASTOID 
TRAPEZIUS (U. M. L) 
[DIAPHRAGM — | 

















SERRATUS ANTERIOR 
RHOMBOIDS MAJ & MIN 








Case 2: The radial, median and ulnar nerves аге al] 
involved at approximately the same level of the fore. 
arm, just below the elbow. (Refer to Spinal Nery, 
and Motor Point Chart, opposite.) This type of in. 
volvement may be caused by pressure from а tourni- 
quet, bandage, or a cast. The etiology is not clear 
cut in this particular instance, but the history 
indicates that bandaging may have been a factor. — 
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ANTERIOR VIEW. RIGHT 


Long thoracic N. 
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Subclavian N. 
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| Pectoralis major 
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Dorsal interossei (see dorsum) 


RADIAL, MEDIAN, AND ULNAR 
NERVE LESION 


CASE 2: 


POSTERIOR VIEW. RIGHT 
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Lev. scap Suprascapular IM. 
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Deltoid 
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Subscap Teres minor 
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Brachioradialis 
——-Ext. carpi т! 
Anconeus 
*4— ———— Level of lesion ———— ——* i Exp сарса 
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[Sf cora. peripheral nerves, and posterior ANE 
divisions from which they arise. 
s: Motor points. Ext poH 
Ext. poll. | 
The above illustrations facilitate interpretation 
Ext. indicis 


of the muscle test findings as recorded on the 
Spinal Nerve and Muscle Chart (see facing page) 
and aid in determining the site or the level of le- 


sion. 
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CASE 3: PROBABLE C5 LESION 





NECK, DIAPHRAGM AND UPPER EXTREMITY 
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| MUSCLE STRENGTH GRADE 
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Case 3: Muscle test findings indicate a probable C5 
lesion. The test findings in this case compare very 
closely with those in a known C5 lesion. 
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*The patient's breathing seemed to be slightly labored. The patient stated that breathing was difficult for about a week after onset 
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CASE 4: LATERAL AND MEDIAL CORD 





LESION 


NECK, DIAPHRAGM AND UPPER EXTREMITY 


Name Date 
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E > |> H В Case 4: A manual muscle test was done before Ч 
z LEFT surgery, and the findings indicated the following: 
~ 
i MUSCLE 2 Slight involvement of the muscles supplied 
É gs by the radial nerve below the level of in- 
3 3 nervation to the triceps. 
E : 3 Moderate involvement of the lateral cord be- 
[ T [HEAD в NECK EXTENSORS] e | low the level of the lateral pectoral nerve. 
E oe Probably complete involvement of the medial 
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RHOMBOIDS MAJ & MIN strength can mislead one to assume that C8 and TI 
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: i DRACOSRACHAUT the medial pectoral nerve, as had been indicated by 
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CASE 5: PARTIAL BRACHIAL PLEXUS 





LESION 
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CASE 5: PARTIAL BRACHIAL PLEXUS 
LESION 





A 30-year-old male fell from a moving automobile and 
was unconscious for approximately 20 minutes. He was 
treated in the emergency room of a local hospital for 
minor abrasions and then released. During the next 3 
weeks, he was seen and treated by several physicians be- 
cause of paralysis and edema of the right arm and pains 
in the chest and neck. 

Twenty-two days after the accident, he was admit- 
ted to the University of Maryland Hospital. A neuro- 
muscular evaluation, including a manual muscle test and 
an electromyographic study, was performed at that time 
and showed extensive involvement of the right upper 
extremity. 

The decision was made to defer surgical explo- 
ration and treat the patient conservatively with an air- 
plane splint and follow-up therapy in the outpatient 
clinic. Unfortunately, the patient did not report to the 
outpatient clinic until 5 months later. Subsequently, a 
detailed manual test (see facing page) as well as elec- 
trodiagnostic and further electromyographic studies 
were made. 


SENSORY AND REFLEX TESTS 


Sensation to pinprick was absent over the area of sen- 
sory distribution of the axillary, musculocutaneous, and 
radial nerves. No deep tendon reflexes of the biceps or 
triceps muscles were observed. 


DORSAL SCAPULAR 
SUPRASCAPULAR 






MANUAL MUSCLE TEST 


The chart on the facing page indicates, at a glance, that the 
muscles supplied by the ulnar nerve were graded as nor- 
mal, those by the median as either normal or good, and 
those by the radial, musculocutaneous, and axillary as ei- 
ther poor or zero. At the level of the brachial plexus, the in- 
volvement was more complicated, as noted by the grades 
ranging all the way from normal to zero. Concurrent chart- 
ing of the involved peripheral nerves and spinal segments, 
however, furnished additional information and provided the 
basis for determination of the sites of lesions as follows: 


1. A lesion of the posterior cord of the brachial plexus: 
The muscles supplied by the upper and lower sub- 
scapular, thoracodorsal, axillary, and radial nerves, 
which arise from the posterior cord, show complete 
paralysis or major weakness. Involvement of the 
subscapularis muscle places the site of lesion proxi- 
mal to the point where the upper subscapular nerve 
arises ("c" in figure below). 

2. No involvement of the medial cord of the plexus: 
The muscles supplied by the ulnar nerve, which is 
the terminal branch of the medial cord, graded nor- 
mal. The sternal part of the pectoralis major and the 
pectoral is minor (C5-T1) and some muscles receiv- 
ing median nerve supply (C6-T1) graded good. It is 
logical to assume that the slight weakness is attribut- 
able to the C5 and C6 deficit and not to any involve- 
ment of the medial cord. 


`* LONG THORACIC 


"еъ . PECTORAL 
UPPER SUBSCAPULAR 
~ THORACODORSAL 

* LOWER SUBSCAPULAR 


Brachial plexus with possible sites of lesions (a, b, and c). U = upper; 
M = middle; L = lateral trunks; A = anterior divisions; P = posterior divi- 
sions; * = to longus coli and scaleni; LAT = lateral cord; MED = medial 
cord; POST = posterior cord. Reprinted from (33); with permission. 
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CASE 5: PARTIAL BRACHIAL PLEXUS 
LESION 


3. A lesion of either the upper trunk (formed by C5 
and C6 roots of the plexus) or the anterior division 
of the upper trunk before it joins with the anterior 
division of the middle trunk (C7) to form the lateral 
cord: Confirmation of this statement requires an ex- 
planation of how it is ascertained that the lesion is in 
this area and that it is no more proximal than "a" or 
more distal than "b" in the figure on the previous 


page. 


The complete paralysis of the biceps and brachialis 
(from C5 and C6) raises the question of the level of in- 
volvement of these muscles—musculocutaneous nerve 
(C5, C6, C7), lateral cord (C5, C6, C7), trunk, or spinal 
nerve root? 

That the coracobrachialis showed some strength 
rules out complete involvement at the musculocutaneous 
level. A complete lesion at the level of the lateral cord 
(CS, C6, C7) is refuted by several findings that indicate 
the C7 component is not involved. 

The flexor digitorum superficialis, flexor digitorum 
profundus I and II. and lumbricales I and II, which have 
C7, C8, and TI supply through the median nerve, graded 
normal. Other muscles supplied by the median nerve, 
which have C6, C7, C8, and TI supply, graded good 
and, undoubtedly, would have exhibited more weakness 
ad C7 been involved. 


The sternal part of the pectoralis major and pec- 
toralis minor, which are supplied chiefly by the medial 
pectoral (C8 and TI) and, to some extent, by the lateral 
pectoral (CS, C6, and C7), graded good and good+. Had 
C7 been involved, the weakness would undoubtedly have 





been greater. 
The presence of some strength in the coraco- 
brachialis is thus explained on the basis of the C7 com- 






ponents being intact, and it further confirms that such is 
the case. The stretch weakness, superimposed on this 
muscle by the shoulderjoint subluxation and the weak- 
ness of the deltoid and biceps, could account for the 
coracobrachialis grading as no more than poor. 

Thus, with C7 not involved, the most distal point of 
lesion may be considered as "b" in the figure on the pre- 
vious page. 

The possibility of CS and C6 being involved more 
proximal than "a" (see Figure, p. 353) at the level of the 
roots of the plexus is ruled out, because the rhomboids 
and serratus anterior muscles graded normal. Whether 
the lesion is proximal or distal to the point where the 
suprascapular nerve arises depends on whether involve- 
ment of the supraspinatus and infraspinatus muscles is 
on a neurogenic or a stretch-weakness basis. 

The supraspinatus and infraspinatus (C4, CS, C6) 
graded fair, and if this partial weakness resulted from a 
neurological deficit, the lesion must be proximal to the 
point where the suprascapular nerve arises. Most logi- 
cally, the presence of fair strength would then be inter- 
preted as a result of regeneration during the 7 months 
since onset. 

On the other hand, the weakness in these muscles 
may be of a secondary stretch-weakness type and not 
neurogenic. The patient had not worn the airplane splint 
that was applied 23 days after injury, and subluxation of 
the joint and stretching of the capsule were found. Ad- 
ditionally, the weakness was not as pronounced as in the 
other muscles supplied by CS and C6, a fullness of con- 
traction could be felt on palpation, and these muscles 
had been subjected to undue stretch. If the weakness had 
resulted from stretch, the initial site of lesion would have 
been distal to the point where the suprascapular nerve 
arises. 
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CASE 6: STRETCH WEAKNESS 
SUPERIMPOSED ON A PERIPHERAL NERVE 





The following is an example of stretch weakness super- 
imposed on a peripheral nerve injury: 

A woman was lifting a heavy rock while she was 
gardening. Her hands were in supination. The rock sud- 
denly fell, turning her forearms into pronation. She felt 
a sharp pain in her right upper forearm. Weakness de- 
veloped in the muscles supplied by the radial nerve be- 
low the level of the supinator. She was examined by 
several doctors, including a neurosurgeon who said that 
he had seen some cases, and knew of others reported in 
the literature, in which the radial nerve had been simi- 
larly involved at the level where it passes through the 
supinator. 

The patient was first seen by a physical therapist 78 
months after onset. The wrist extensors and the extensor 
digitorum showed marked weakness, but not complete 
paralysis, grading poor and poor+. A splint was applied, 
and in 2 weeks, the strength had improved to grades of 
poor+ and fair-h Then the condition reached a stalemate. 
The patient had started doing more work with the hand, 
and she left the splint off most of the time. Three months 
went by, but rather than give up, it was decided by the 
patient, the doctor, and the physical therapist that a pe- 
riod of more complete immobilization be tried. A plas- 
ter cock-up splint, including extension of the metacar- 
pophalangeal joints, was applied. This protected the 
wrist extensors and the extensor digitorum but allowed 
use of the interphalangeal joints in flexion and exten- 


sion. The splint was removable, but the patient was cau- 
tioned to keep it on as much of the 24 hours in a day as 
possible and not to move the wrist and fingers into full 
flexion whenever the splint was off. After 2 weeks, the 
wrist and finger muscles were much improved. The pa- 
tient played the piano and typed for the first time in 2 
years. 

A central nervous system lesion with superimposed 
stretch weakness is exemplified by the following case: 

A child who had a right hemiplegia at birth was 
seen at the age of 12 years for a "wrist drop." The hand 
was put into a cock-up splint and left for several months 
in that position, day and night, except for treatment pe- 
riods. The muscles showed excellent return of strength. 
The following data taken from her records are especially 
interesting, because this patient was seen occasionally 
over a long period of time. 


ae s артылатын ирина. 
Grades df Muscle Strength 








Extensor Carpi Extensor Carpi 
Age (years) Radialis 1 Inaris _ 
12 Poor- Fair 
13 Good+ Good+ 
16 Normal Normal 
20 Normal Normal 
24 Good Good 
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OVERUSE INJURIES 





OVERUSE INJURIES 


An overuse injury may be defined as damage caused by 
repetitive movements performed for a length of time that 
is beyond the tolerance of the tissues involved. The time 
involved may be short if the load lifted or the force re- 
quired is excessive in relation to the ability of the sub- 
ject. Overuse injuries often extend over a prolonged 
period of time with the activity causing an irritation or 
breakdown of muscle, tendon, or capsule and subse- 
quent pain and inflammation. 

The joints and muscles of the upper extremity are 
very vulnerable to overuse injuries. Repetitive hand and 
arm movements associated with a person's occupational 
or recreational activities give rise to a variety of strains, 
inflammatory processes, or nerve involvements that re- 
sult in mild to debilitating conditions. 

Overuse injuries cause numerous problems for over 
2.3 million individuals in the United States who have 
disabilities requiring the use of a manual wheelchair 
(34). These wheelchair users depend on their upper 
extremities for mobility, transfers, pressure relief, and a 
variety of other daily functional activities. The most 
commonly occurring pathology is shoulder impinge- 


ment syndrome involving the rotator cuff, biceps tendon 
and/or the subacromial bursa. 

For overuse injuries such as tennis elbow (i.e., lat- 
eral epicondylitis), golfer's elbow (i.e., medial epi- 
condylitis), swimmer's shoulder (i.e., impingement 
syndrome), repetitive strain injury from excessive key- 
board or computer use, or push-ups done to excess, ap- 
propriate treatment depends, in part, on the specificity 
provided by manual muscle testing. 

For example, accurate testing may help to avoid di- 
agnoses such as carpal tunnel syndrome when the prob- 
lem is, in fact, a pronator teres syndrome. A Mayo Clinic 
study showed that 7 of 35 patients who were operated 
on for carpal tunnel were later found to have pronator 
teres syndrome (35). 

The aim of conservative treatment is to relieve pain, 
reduce excessive use, and alleviate further strain. Peri- 
odic use of appropriate wrist, arm, shoulder, or upper 
back supports can help minimize the debilitating effects 
of overuse injuries and restore more optimal functioning 
of the muscles involved. 








Below is an outline of the areas of most concern for the upper extremity. 


Wrist joint extension, extensor muscles, radial nerve (C5, 6, 7, 8) 
Wrist joint flexion, flexor muscles, ulnar nerve (C7, 8, T1) 


Wrist joint flexion, flexor muscles, median nerve (C6, 7, 8) 
Carpal tunnel syndrome 


Radioulnar joint (forearm), pronator teres, median nerve (C6, 7) 
Pronator teres syndrome 


Elbow joint, flexor muscles, musculocutaneous nerve (C4, 5, 6) 
Lateral epicondylitis (tennis elbow) 
Medial epicondylitis (golfer's elbow) 


Shoulder joint, abductor: supraspinatus, musculocutaneous nerve (C4, 5, 6) 


Shoulder joint, lateral rotation: supraspinatus, infraspinatus (C4, 5, 6) 
teres minor (C5, 6) 

Shoulder joint, medial rotation: subscapularis, teres major (C5, 6, 7) 
latissimus dorsi (C6. 7, 8) 
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CORRECTIVE EXERCISES: UPPER 
EXTREMITY 





Exercises in the lying position should be done on a firm surface (e.g., a board 
on the bed, a treatment table, or the floor, with a thin pad or folded blanket 
placed on the hard surface for comfort). 

Stretching exercises should be preceded by gentle heat and massage to 
help relax tight muscles. (Avoid using heat on weak, overstretched muscles.) 
Stretching should be done gradually, with a conscious effort to relax. Continue 
until a firm, but tolerable "pull" is felt, breathing comfortably while holding the 
stretch, then return slowly from the stretched position. 

Strengthening exercises should also be done slowly, with an effort to feel 
a strong "pull" by the muscles being exercised. Hold the completed position 
for several seconds, then relax and repeat the exercise the number of times 
indicated by your therapist. 





Wall-Sitting Postural Exercise 
Sit on a stool with back 


[| against a wall. Flatten low E (A. 
A back against wall by pulling pe EA NA 


up and in with lower abdomi- 








à | nal muscles. Place hands up Shoulder Adductor Stretching 

AA beside head. Straighten upper With knees bent and feet flat on table, tilt 

T7 Y] bec by pulling shoulder pelvis to flatten low back on table. Hold the 

j E blades down and back and back flat, place both arms overhead, and try to 

«€ ^W pull elbows back against wall. reach arms to the table with elbows straight. 

Keep arms in contact with Bring upper arms as close to sides of head as 
wall and slowly move possible. (Do NOT allow the back to arch.) 
through the patterns below. Progress to other movement patterns below. 


| мн Yi A \ 


eo hes / 


3 x] N 








Assisted Stretching of Pectoral is Minor = 
With subject in back-lying position (knees AN Se \\ 
bent, feet flat), assistant stands on side of coer дыбы sere 
shoulder to be stretched and places cupped | Stretch Upper Trapezius by Strengthening 
hand between the neck and the shoulder Latissimus Dorsi 

| joint. Press shoulder back and down with Sit on table with padded block beside hips. 
firm, uniform pressure that helps to rotate Keep body erect with shoulders in good align- 
the shoulder back. Hold for 60 seconds. ment. Press downwards, straightening the 

elbows, and lift buttocks directly upward from 

the table. Return slowly to starting position. 
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INTRODUCTION 


The lower extremities provide both support and mobil- 
ity for the body as a whole Fulfilling these roles re- 
quires that good muscle balance of the lower extremity 
muscles be established and maintained. 

Unlike the upper extremity where one plexus sup- 
plies the arm muscles, the lower extremity is supplied by 
both the lumbar and sacral plexes. Differential diagnosis 
of joint movement problems in the hip region requires 
particular attention because of the different origins of 
the nerves and the multitude of muscles that can be in- 
volved. Many of the muscles cross the hip and the knee, 
and distinguishing problems of tightness among the mus- 
cles can be challenging. Different problems can give rise 
to similar symptoms. 

Effective treatment of musculoskeletal problems de- 
pends upon an accurate assessment of the length and 
strength of the muscles. Serious mistakes can result from 
failure to pay attention to details. An example of such an 
error is described on page 389. 

Because actions of the muscles of the hip are closely 
related, there can be substitution in cases of muscle 
weakness, or accommodation in cases of muscle short- 
ness. Failure to detect such substitutions, or enabling 
them through incorrect test positions or movements will 
render a test invalid. 

In order to begin the problem-solving process of 
making a differential diagnosis and developing a suc- 
cessful treatment plan, it is necessary to have a compre- 
hensive knowledge of the innervation, joint movements, 
alignment of body segments, and precise testing proce- 
dures for length and strength of these muscles. In addi- 
tion unique case studies with charts showing test find- 
ings are included in this chapter to demonstrate special 
problems related to lower extremity dysfunction. 
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SECTION I: INNERVATION 





LUMBAR PLEXUS 

The lumbar plexus is formed by the ventral primary rami of LI, 2, and 3, 
a part of L4, and frequently, with a small contribution from T12. Within 
the substance of the psoas major muscle, the rami branch into anterior and 
posterior divisions. Peripheral nerves from the anterior divisions innervate 
adductor muscles on the medial side of the thigh; those from the posterior 
divisions innervate hip flexors and knee extensors on the anterior aspect of 
the thigh. 


T12 


L1 





А ) L4 
ЕД 

7 / 
sz DIVISIONS 


Q Anterior 
| H Posterior 






lliohypogastric 
T12 
L1 


llioinguinal 
(T12) 
L1 


Lateral femoral 
cutaneous 
L2, 3 









to 
Quadratus lumborum 
(T12) 
L1, 2,3 
Femoral 
(1), 2, 3, 4 2 * to 
> Psoas major 
L1.2,3,4 


Genitofemoral 
L1.2 
Obturator 
L(1). 2, 3, 4 
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INNERVATION 





Superior gluteal 
DIVISIONS L4, 5 


Bl ee $1 


Inferior gluteal 


Gemellus|* 
superior |@ | Perfor- 
and ating 


е 
SACRAL PLEXUS 1 
Obturato cutane- 


The sacral plexus arises from the smaller part of || ^ ——- internus ous 

































the ventral primary ramus of LA and from the en- Common uta S2,3 Pow 
tire ventral rami of L5, 51, 2 and 3. The LA and L5 peroneal |! Tibial to b Posterior ыл 
ventral rami unite to form the lumbosacral trunk, L4, 5 L4,5 Gemellus femoral 

which enters the pelvic cavity. There, it is joined 51,2 51, 2,3 юг prse X to 
by the ventral rami of SI, 2 and 3, forming the Sciatic Quadratus Piriformis 
plexus, which then branches into anterior and pos- L4,5 femoris (L5) 
terior divisions. The anterior divisions, and the pe- 51, 2,3 "e S 51,2 

1.(2) 


ripheral nerves arising from them, innervate the 
posterior aspect of the thigh and the leg as well as 
the plantar surface of the foot. The posterior divi- 
sions, and the peripheral nerves arising from them, 
innervate the abductor muscles on the lateral side 
ofthe thigh, a hip extensor muscle posteriorly, and 
the extensor (dorsiflexor) muscles of the ankle and 
toes anteriorly. 
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SPINAL NERVE AND MUSCLE CHART 





LOWER EXTREMITY 
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SPINAL NERVE AND MOTOR 
POINT CHART 
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divisions from which they arise. 
Yellow: Peripheral nerves and the anterior 


divisions from which they arise. 
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CHART OF LOWER EXTREMITY MUSCLES 


Listed According to Spinal Segment Innervation and Grouped According to Joint Action 
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Quadriceps 
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CHART OF LOWER EXTREMITY MUSCLES 





Listed According to Spinal Segment Innervation and Grouped According to Joint Action (Continued) 
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NERVES TO MUSCLES: MOTOR AND 
SENSORY OR MOTOR 





































Spinal Motor/Sensory 
Source Segment Nerve to Muscle Muscle | 
+ ——— — ——Àd————— " 
Lumbar plexus Ventral primary T12. L1 lliohypogastric Motor and sensory Internal oblique, 
famis transversus abdominis | 
LI.2.3. 4 Lumbar plexus Motor and sensory Quadratus lumborum, | 
рѕоаѕ тајог, | 
d PE u | psoas minor | 
Posterior division L2, 3,4 Femoral Motor and sensory lliacus, pectineus, 1 
sartorius, 
——— — + — ^M rez modia dicm | quadriceps 
| AE? division L2, 3,4 Obturator Motor and sensory | Hip adductors 1 
Lumbosacral Posterior division L4, 5, $1 Gluteal, superior Motor* | Gluteus US" | 
р!ехиз gluteus minimus, 
= - 4. I _ tensor fasciae latae 
Posterior division L5, SI, 2 Gluteal, inferior Motor Gluteus maximus | 








Posterior division | L4, 5, Si, 2 Регопеа! Motor and sensory | Short head of biceps, | 
tibialis anterior, toe 
extensors, 

= | ees i та и peroneals 

Sciatic Nerve | Anterior division L4, 5, 81,2,3  Tibial Motor and sensory T Semimembranosus, 


semitendinosus, long | 
head of biceps, | 
19 ankle and foot 
muscles 





Sacral plexus Ventral primary 


ramus 


'Sensory to hip joint 


Motor and sensory Piriformis, gemelli 
superior and inferior, 
obturator internus, 
and quadratus 


femoris 
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Femoral: Pierces the psoas major at the distal part of 
the lateral border, and supplies the iliacus, pectineus, 
sartorius, and quadriceps. The largest and longest 
branch of the femoral nerve is the saphenous nerve, 
which supplies the skin over the medial side of the 
leg. 


Obturator: From L2 through L4. Through its muscular 
branch, it supplies the obturator externus, adductor mag- 
nus, and sometimes, adductor brevis. Through its artic- 
ular branch, it is distributed to the synovial membrane 
of the knee joint. 
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Sciatic: From L4, 5 and SI, 2, 3. In most instances, the 
sciatic nerve lies beneath the piriformis muscle and 
crosses the obturator internus, gemelli, and quadratus 
femoris. (See illustration, p. 453.) Variations exist, how- 
ever, in which the muscle is split and either one (usually 
the peroneal) or both parts of the sciatic nerve pass 
through the muscle belly. 


Peroneal: Passes between the biceps femoris and the lat- 
eral head of the gastrocnemius to the head of the fibula and 
deep to the peroneus longus. (See illustration, p. 449.) It 
supplies the ankle dorsiflexors and everters. 








CUTANEOUS NERVES OF THE 
LOWER LIMB 












Cutaneous branches: 





















Lateral cutaneous Lateral cutaneous 
Banchi of subcostal rence branch of 
nerve (T12; 
AD branch Genitofemoral iliohypogastric nerve 
Genital |nerve 
NX branch Dorsal 
а rami | 
f llioinguinal 
nerve Lateral femoral 
cutaneous nerve, 
E femoral Perforating í posterior branches 
спы, cutaneous nerve 
Branches of posterior 
ыы femoral cutaneous 
d nerve 
Cutaneous branch of 
obturator nerve 
Lateral femoral 
cutaneous nerve 
=- 
‘termediate femoral 







cutaneous nerves 


Infrapatellar branch of 
saphenous nerve 


branches of 
common fibular 
т. (peroneal) nerve 


Superficial fibular 
(peroneal) nerve becoming 
dorsal digital nerves 


Dorsal lateral 
cutaneous nerve of foot 
(termination of sural 
nerve) 


Deep fibular 
(peroneal) nerve 


A, Anterior view 


Note in Figure B, sural is Latin for the calf. In this il- 
lustration, the medial sural cutaneous nerve is here joined 


From Grant's Atlas of Anatomy (1); with permission. 


Medial femoral 
cutaneous nerve 


x 
Saphenous 
nerve 


saphenous nerve ——— 


Medial calcanean 













№ 7^ Posterior femoral cutaneous 
4 nerve, end branch 


Lateral sural cutaneous 
nerve (from common 
fibular nerve) 


Medial sural cutaneous 
nerve (from tibial 
nerve) 


Branch of 


branches of 


tibial nerve Dorsal lateral cutaneous 


nerve of foot (termination 
of sural nerve) 





Lateral plantar nerve 


B, Posterior view 


just proximal to the ankle by a communicating branch 
(not labeled) of the lateral sural cutaneous nerve to form 
the sural nerve. The level of the junction is variable, 
however, being very low in Figure B. 
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SECTION 11: JOINT MOVEMENTS 


INTERPHALANGEAL JOINTS 
OF TOES 


The interphalangeal joints are ginglymus or hinge joints 
that connect the adjacent surfaces of phalanges. 

Flexion and extension are movements about a coro- 
nal axis, with flexion being movement in a caudal di- 
rection and extension being movement in a cranial di- 
rection. 


METATARSOPHALANGEAL JOINTS 


The metatarsophalangeal joints are condyloid, formed 
by joining the distal ends of the metatarsals with the ad- 
jacent ends of the proximal phalanges. 

Flexion and extension are movements about a coro- 
nal axis. Flexion is movement in a caudal direction; ex- 
tension is movement in a cranial direction. The range of 
motion in adults is variable, but 30° of flexion and 40° 
of extension may be considered an average range for 
good function of the toes. 

Adduction and abduction are movements about a 
sagittal axis. The line of reference for both adduction 
and abduction of the toes is the axial line projected dis- 
tally in line with the second metatarsal and extending 
through the second digit. Adduction is movement toward 
the axial line, and abduction is movement away from it, 
as in spreading the toes apart. Because abduction of the 
toes is restricted by the wearing of shoes, this movement 








is markedly limited in most adults, and little attention is 
paid to the lack of ability to abduct. 


SUBTALAR JOINT AND TRANSVERSE 
TARSAL JOINTS 


The subtalar joint is a modified plane or gliding joint 
connecting the talus and calcaneus. The talus also con- 
nects with the navicular, and the talonavicular joint is 
involved in movements of the subtalar joint 

Supination and pronation are movements permitted 
by the subtalar and talocalcaneonavicular joint. Supina- 
tion is rotation of the foot in which the sole of the foot 
moves in a medial direction; pronation is rotation in 
which the sole of the foot moves in a lateral direction. 

The transverse tarsal joints are formed by the union 
of the talus with the navicular and the calcaneus with the 
cuboid. 

Adduction and abduction of the forefoot are move- 
ments permitted by the transverse tarsal joints. Adduc- 
tion is movement of the forefoot in a medial direction, 
and abduction is movement of the forefoot in a lateral 
direction. 

Inversion is a combination of supination and fore- 
foot adduction. It is more free in plantar flexion than in 
dorsiflexion. 

Eversion is a combination of pronation and forefoot 
abduction. It is more free in dorsiflexion than in plantar 
flexion. 





Plantarflexion of ankle 
(Anatomically—ankle flexion) 
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The ankle joint is a ginglymus or hinge joint uniting the 
tibia and fibula with the talus. The axis about which 
motion takes place extends obliquely from the postero- 
lateral aspect of the fibular malleolus to the anterome- 
dial aspect of the tibial malleolus. 

Flexion and extension are the two movements that 
occur about the oblique axis. Flexion is movement of the 
foot in which the plantar surface moves in a caudal and 
posterior direction. Extension is movement of the foot in 
which the dorsal surface moves in an anterior and cra- 
nial direction. 

Confusion has arisen regarding the terminology of 
these two ankle joint movements. An apparent discrep- 
ancy occurs because decreasing an angle frequently is 
associated with flexion whereas increasing it is associ- 
ated with extension. Bringing the foot upward to "bend 
the ankle" seems to connote flexion; pointing the foot 
downward to "straighten the ankle" connotes extension. 
(In a review of 48 authors, 12 of them had the wrong 
definitions for ankle flexion and extension.) To avoid 
confusion, use of the terms dorsiflexion for extension 
and plantar flexion for flexion has been widely accepted. 
This text will adhere to these generally accepted terms. 





The knee joint is a modified ginglymus or hinge joint 
formed by the articulation of the condyles of the femur 
with the condyles of the tibia, and by the patella articu- 
lating with the patellar surface of the femur. 

Flexion and extension are movements about a coro- 
nal axis. Flexion is movement in a posterior direction, 
approximating the posterior surfaces of the lower leg and 
thigh. Extension is movement in an anterior direction to 
a position of straight alignment of the thigh and lower leg 
(0°). From the position of zero extension, the range of 
flexion is approximately 140°. The hip joint should be 
flexed when measuring full knee joint flexion to avoid 
restriction of motion by the rectus femoris, but the joint 
should not be fully flexed when measuring knee joint 
extension to avoid restriction by the hamstring muscles. 

Hyperextension is an abnormal or unnatural move- 
ment beyond the zero position of extension. For the sake 
of stability in standing, the knee normally is expected to 
be in a position of only a very few degrees of extension 
beyond zero. If extended beyond these few degrees, the 
knee is said to be hyperextended. (See p. 81.) 

Lateral rotation and medial rotation are movements 
about a longitudinal axis. Medial rotation is rotation of 
the anterior surface of the leg toward the midsagittal 
plane. Lateral rotation is rotation away from the mid- 
sagittal plane. 






MOVEMENTS OF ANKLE JOINT 





Extension or / / 
Dorsiflexion T 


Y ur j 


J Flexionor 
EÀ Plantar Flexion 


The knee should be flexed when measuring dorsi- 
flexion. With the knee flexed, the ankle joint can be dor- 
siflexed approximately 20°. If the knee is extended, the 
gastrocnemius will limit the range of motion to approx- 
imately 10° of dorsiflexion. The range of motion in plan- 
tar flexion is approximately 45°. 





MOVEMENTS OF KNEE JOINT 


The extended knee (in zero position) is essentially 
locked, preventing any rotation. Rotation occurs with 
flexion, combining movement between the tibia and the 
menisci as well as between the tibia and the femur. 

With the thigh fixed, the movement that accompa- 
nies flexion is medial rotation of the tibia on the femur. 
With the leg fixed, the movement that accompanies flex- 
ion is lateral rotation of the femur on the tibia. 

With the thigh fixed, the movement that accom- 
panies extension is lateral rotation of the tibia on the 
femur. With the leg fixed, the movement that accom- 
panies extension is medial rotation of the femur on the 
tibia. 


Knee Joint Flexion, Extension, and Hyperextension 


Hyperextension 


Extension 
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MOVEMENTS OF HIP JOINT 





The hip joint is a spheroid or ball-and-socket joint formed 
by the articulation of the acetabulum of the pelvis with 
the head of the femur. 

Ordinarily, descriptions of joint movement refer to 
movement of the distal pan on a fixed proximal part. In 
the upright weight-bearing position, movement of the 
proximal part on the more fixed distal part becomes of 
equal—if not primary—importance. For this reason, 
movements of the pelvis on the femur are mentioned as 
well as movements of the femur on the pelvis. 

Flexion and extension are movements about a coro- 
nal axis. Flexion is movement in an anterior direction. 
This movement may be one of bringing the thigh toward 
the fixed pelvis, as in supine alternate-leg raising. Or it 
may be bringing the pelvis toward the fixed thighs, as in 
coming up from a supine to a sitting position, bending 
forward from a standing position, or tilting the pelvis an- 
teriorly in standing. Extension is movement in a poste- 
rior direction. This movement may be one of bringing 
the thigh posteriorly, as in leg-raising backward, or one 
of bringing the trunk posteriorly, as in returning from a 
standing forward-bent position, or as in tilting the pelvis 
posteriorly when standing or lying prone. 


Hip Joint Flexion 








Thigh toward pelvis 

\ 
\ 
i 
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Pelvis toward thigh Pelvis 


toward thigh 


Medi 





The range of hip joint flexion from zero is approx- 
imately 125°, and the range of extension is approxi- 
mately 10°, making a total range of approximately 135°. 
The knee joint should be flexed when measuring hip 
joint flexion to avoid restriction of motion by the ham- 
string muscles, and the joint should be extended when 
measuring hip joint extension to avoid restriction of 
motion by the rectus femoris. 


Abduction and adduction are movements about a 
sagittal axis. Abduction is movement away from a mid- 
sagittal plane in a lateral direction. In a supine position, 
the movement may be one of moving the thigh laterally 
on a fixed trunk or of moving the trunk so that the pelvis 
tilts laterally (i.e., downward) toward a fixed thigh. Ad- 
duction is movement of the thigh toward the midsagittal 
plane in a medial direction. In a supine position, the 
movement may be one of moving the thigh medially on 
a fixed trunk or of moving the trunk so that the pelvis 
tilts laterally (1.е., upward) away from a fixed thigh. (For 
abduction and adduction of the hip joints accompanying 
lateral pelvic tilt, see below.) 

From zero, the range of abduction is approximately 
45°, and the range of adduction is approximately 10°. 
making the total range approximately 55°. 


Hip Joint Abduction and Adduction 





Supine or standing Supine ‘Standing 
Anterior view Anterior view Posterior view 
AI Sex NL a N 
L 
і 
Pelvis level Pelvis level Pelvis tilted 


Hip joints neutral Right hip joint adducted high on right 
Left hip joint abducted Right hip joint adducted 
Left hip joint abducted 


Lateral rotation and medial rotation are movements 
about a longitudinal axis. Medial rotation is movement 
in which the anterior surface of the thigh turns toward 
the midsagittal plane. Lateral rotation is movement in 
which the anterior surface of the thigh moves away from 
the midsagittal plane. Rotation also may result from 
movement of the trunk on the femur. For example, when 
standing with die legs fixed, a counterclockwise rotation 
of the pelvis will result in a lateral rotation of the right 
hip joint and a medial rotation of the left. 
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HIP ADDUCTION: RANGE OF MOTION 


GONIOMETER 





Equipment: Protractor and caliper. The caliper consists 
of two long arms held together with a setscrew (2). 


Starting Position: Supine, with the pelvis in a neutral 
position, like the anatomical position in standing. Place the 
left leg in a neutral position and the right leg in enough 
abduction to allow adduction of the left leg. The station- 
ary arm is held firmly against the inferior surface of the 
anterior and superior iliac spines by the subject, as illus- 
trated. The movable arm is set at a 90° angle (as the zero 
position) and placed in line with midline of the extremity. 
Alternatively, the movable arm may be set at an angle that 
coincides with the axis of the femur (1.е., some adduction), 
in which case a reading is taken before moving the leg into 
adduction and the number of degrees are then subtracted 
from the number measured at the completion of adduction. 


Test: The movable arm of the caliper is held in line with 
the thigh as the left leg is passively and slowly moved 
into adduction without any rotation. At the moment the 
pelvis starts to move downward on the side of the ad- 
ducted leg, the movement of the leg in adduction is 
stopped, and the set-screw is tightened. The caliper is 
then transferred to the protractor for a reading. 


Normal Range of Motion: Random testing has dis- 
closed that adduction is often less than 10° and seldom 
more than 10? in the supine position unless the hip joint 
is in flexion by virtue of anterior pelvic tilt. (With the 
hip joint flexed, as in sitting, the range of adduction is 
about 20?.) With the thigh maintained in the coronal 
plane, as in the modified Ober test (see p. 392), 10? of 
adduction should be considered as normal. 
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JOINT MEASUREMENT CHART 





JOINT MEASUREMENT CHART 


INR. аана Наа Identification #............................ 


Date Date 








| Average Range | 


Examiner | Examiner 


Extension 
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| | | Left Abduction Right | | 
4 | нр Adduction Hip | 
1 | Вапде | 
== + = ке LL + + = 
Lateral Rotation i == | 
| ] [Medial Rotation | 
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Вапде 
Extension 
Flexion 
Range 
Plantar Flexion 
Dorsillexion 
Range 
Inversion 
|Eversion 
Range 


























+ + Left 
- Ankle 

































T Foot 














*Use either anatomical or geometric basis for measurement. 180" is the plane of reference for the geometric basis of measurement. The zero postion 
is the plane of reference for all the others. When а part moves in the direction of zero but fails to reach the zero position, the degrees designating the 
joint motion obtained are recorded with a minus sign and subtracted in computing the range of motion. 
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TREATMENT OF MUS 
PROBLEMS 





| If muscle length is excessive, avoid stretching exer- 
cises and postural positions that maintain elongation 
of the already stretched muscles. Work to correct the 
faulty posture. Because the stretched muscles are usu- 
ally weak, strengthening exercises are indicated. How- 
ever, for active individuals, strength may improve 
simply through avoidance of overstretching. 

Supports are indicated to prevent excessive range 
if the problem cannot be controlled through position- 
ing and corrective exercise. For example, marked 
knee hyperextension, if unavoidable in weight bear- 
ing, should be prevented by an appropriate support to 
allow the posterior knee joint ligaments and muscles 
to shorten. 

A low back that is excessively flexible will be 
stretched further if sitting in a "slumped" position, 





ONE-JOINT PLANTAR FLEXORS 
Soleus and Pophteus: 

Action: Ankle plantar flexion 

Length Test: Ankle dorsiflexion, with the knee in flexion. 


Starting Position: Sitting or supine, with the hip and 
knee flexed. 


Test Movement: With the knee flexed 90° or more to 
make the two-joint gastrocnemius and plantaris slack 
over the knee joint, dorsiflex the foot. 


Normal Range: The foot can be dorsi flexed approxi- 
mately 20°. 


Sit forward in a chair 
with knees bent and 
feet pulled back 
toward chair enough 
to raise the heels 
slightly from the 
floor. Press down on 
thigh to help force 
heel to the floor. 
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but it usually will not be stretched in the standing po- 
sition. (See figures, p. 377.) Proper positioning and 
support by chairs may be adequate to prevent further 
stretching. However, the lack of proper support from 
many chairs and car seats requires the wearing of a 
back support with metal stays (see p. 226) when 
excessive flexion cannot be ayoided and, particularly, if 
a painful condition has developed. 

When muscle shortness exists and stretching exer- 
cises are indicated, they must be done with precision 
to insure that the tight muscles are the ones that are 
actually being stretched and to avoid adverse effects on 
other parts of the body. 









TESTS FOR LENGTH OF ANKLE 
PLANTAR FLEXORS 


TWO-JOINT PLANTAR FLEXORS 
Gastrocnemius and Plantaris 

Action: Ankle plantar flexion and knee flexion. 
Length Test: Ankle dorsiflexion and knee extension. 


Starting Position: Supine or sitting, with the knees ex- 
tended unless hamstring tightness causes the knee to flex. 


Test Movement: With the knee in extension to elongate 
the gastrocnemius and plantaris over the knee joint, dor- 


siflex the foot. 


Normal Range: With the knee fully extended, the foot 
can be dorsiflexed approximately 10°. 


Stand erect on board 
inclined at a 10° angle, 
with feet in approxi- 
mately 8° to 10° of out- 
toeing. 















TESTS FOR LENGTH OF HIP 
FLEXOR MUSCLES 





The psoas major, iliacus, pectineus, adductors longus 
and brevis, rectus femoris, tensor fasciae latae, and sar- 
torius compose the hip flexor group of muscles. The il- 
iacus, pectineus, and adductor longus and brevis are 
one-joint muscles. The psoas major and the iliacus (as 
the iliopsoas) act essentially as a one-joint muscle. The 
rectus femoris, tensor fasciae latae, and sartorius are 
two-joint muscles, crossing the knee joint as well as the 
hip joint. All three muscles flex the hip. However, the 
rectus femoris and, to some extent, the tensor extend the 
knee, whereas the sartorius flexes the knee. 

The test for hip flexor length is often referred to as 
the Thomas test (see Glossary). Tests to distinguish be- 
tween one-joint and two-joint hip flexor tightness were 
first described in Posture and Pain in 1952 (3). 


Iliopsoas 

Action: Hip flexion. 

Length test: Hip extension, with the knee in extension. 
Rectus Femoris 

Action: Hip flexion and knee extension 

Length test: Hip extension and knee flexion. 


Tensor Fasciae Latae 


Action: Hip abduction, flexion, and internal rotation as 
well as knee extension. 


Length test: See pp. 392-397. 
Sartorius 


Action: Hip flexion, abduction, and external rotation as 
well as knee flexion. 


Length test: Hip extension, adduction, and internal rota- 
tion as well as knee extension. (See also p. 380.) 


anas 





In Figure A, the pelvis is shown in neutral position, the 
lower back in a normal anterior curve, and the hip joint 
in zero position. Normal hip joint extension is consid- 
ered to be approximately 10°. Normal length of hip 
flexors permits this range of motion in extension. The 
length may be demonstrated by moving the thigh in a 
posterior direction with the pelvis in a neutral position; 
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Equipment: 
A table, with no soft padding, and stable so it will 
not tilt with the subject seated at one end. 
Goniometer and ruler. 
Chart for recording findings. 


Starting Position: Seated at the end of the table, wih 
the thighs half off the table.* The examiner places one 
hand behind the subject's back and the other hand un- 
der one knee, flexing the thigh toward the chest and giv- 
ing assistance as the subject lies down. The subject then 
holds the thigh, pulling the knee toward the chest only 
enough to flatten the low back and sacrum on the table. 
[Do not bring both knees toward the chest, because that 
allows excessive posterior tilt, which results in apparent 
[not actual] hip flexor shortness; see facing page.) 


-— 
Note: If testing for excessive hip flexor length, the 
hip joint should be at the edge of the table, with the 
thigh offthe table. (See pp. 379, 380.) 


Test Movement: If the right knee is flexed toward the 
chest, the left thigh is allowed to drop toward the table, 
with the left knee flexed over the end of the table. Wih 
four muscles involved in the length test, variations occur 
that require interpretations as described on the following 


pages. 


*The thighs are half off the table in sitting because the body posiion 
shifts as the subject lies down and brings one knee toward the chest 
The end position for the start of testing is with the other knee just a' 
the edge of the table so that the knee is free to flex and the thigh & 
full length on the table. 





or by moving the pelvis in the direction of posterior tilt 
with the thigh in zero position. 

In a subject with hip flexors of normal length, the 
low back will tend to flatten in the supine position. 
If the low back remains in а lordotic position. &` 
in Figure B, some hip flexor shortness usually * 


present. 











IESTS CPU A НИ 
FLEXOR MUSCLES 





CORRECT TEST ERROR IN TESTING 





The low back and sacrum are flat on the table. The thigh This subject has excessive back flexibility (see figure, 
touches the table indicating normal length of the one- below right). When he pulls the knee too far toward the 
joint hip flexors. The angle of knee flexion indicates chest, the thigh comes up from the table, and the sacrum 
little or no tightness in the two-joint hip flexors. The is no longer flat on the table. The result is that the one- 
photograph at the right shows an error in testing the joint hip flexors, which are normal in length, appear to 
same subject. be tight. 





This subject has good postural alignment in standing. 
Examination of posture in standing does not, however, 
provide a clue regarding the extent of back flexibility in Excessive flexion of the low back is clearly demon- 
this subject. strated by the forward bending test, as illustrated above. 





FLEXOR MUSCLES 





NORMAL LENGTH OF HIP FLEXORS 


Rectus 
femoris 


rr / [ Sartorius 





с d 


With the low back and sacrum flat on the table, the pos- 
terior thigh touches the table, and the knee passively 
flexes approximately 80°. In the figure above, the pelvis 
is shown in 10? of posterior tilt. This is equivalent to 10° 
of hip joint extension and, with the thigh touching the 
table, represents normal length of the one-joint hip flex- 





AN O is? Tensor fasciae Jatae 


— major lliacus 













ors. In addition, the knee flexion (about 80°) indicates 
that the rectus femoris is normal in length and that (he 
tensor fasciae latae probably is normal. To maintain the 
pelvis in posterior tilt with the low back and sacrum flat 
on the table, one thigh is held toward the chest while 
testing the length of the opposite hip flexors. 





SHORTNESS OF BOTH ONE-JOINT 
AND TWO-JOINT HIP FLEXORS 


With the low back and sacrum flat on the table, the pos- 
terior thigh does not touch the table, and the knee ex- 
tends. The figure above shows shortness of both one- 
joint and two-joint muscles. If the hip remains in 15? of 
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flexion with the knee extended, the one-joint hip flexors 
lack 15? of length. If the knee will flex to only 70°, the 
two-joint muscles lack 25? of length (15? at the hip plus 
10? at the knee). 


Jedi.ru 





TESTS FOR LENGTH OF HIP 
FLEXOR MUSCLES 








NORMAL LENGTH OF ONE-JOINT 
AND SHORTNESS OF TWO-JOINT 
HIP FLEXORS 





With the low back and sacrum flat on the table and the of degrees less than 80°) determines the degree of short- 
knee in extension, the posterior thigh touches the table. ness. The photograph above shows a subject in whom 
Shortness of the two-joint muscles is determined by the hip joint can be extended if the knee joint is allowed 
holding the thigh in contact with the table and allowing to extend. This means that the one-joint hip flexors are 
the knee to flex. The angle of knee flexion (i.e., number normal in length, but that the rectus femoris is short. 


SHORTNESS OF ONE-JOINT AND 
NO SHORTNESS OF TWO-JOINT 
HIP FLEXORS 
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In standing, the subject does not have а lordosis. 
This indicates that the shortness is not in the one- The posterior thigh does not touch the table, and the 
joint hip flexors. n knee can be flexed as many degrees beyond 80? as the 
A kneeling position puts a stretch on the short hip is flexed. In the figure above, the thigh is flexed 15° 


rectus femoris and tensor fasciae latae over both and the Кпее 95°. 
the hip joints and knee joints, causing these mus- 

cles to pull the pelvis into anterior tilt and back into 

a lordotic position. 
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TESTS FOR LENGTH OF HIP 
FLEXOR MUSCLES 





EXCESSIVE HIP FLEXOR LENGTH 





The subject is tested with the low back flat, hip joint at 
the end of the table, and knee straight. That the thigh 
drops below table level is evidence of excessive length 
in the one-joint hip flexors. 


SHORTNESS OF SARTORIUS 





During the hip flexor length test, a combination of three 
or more of the following indicate tightness of the sarto- 
rius: abduction of the hip, flexion of the hip, external 
rotation of the hip and flexion of the knee. 


SHORTNESS OF TENSOR FASCIAE 
LATAE DURING HIP FLEXOR 
LENGTH TESTING 


The following variations noted during hip flexor length 
testing indicate shortness of the tensor fasciae latae but 
do not constitute a length test for this muscle: 


Abduction of the thigh as the hip joint extends: 
Occasionally, the hip joint can be fully ex- 
tended along with abduction. This finding indi* 
cates shortness of the tensor fasciae latae but 
not in the iliopsoas. 


Lateral deviation of the patella: If the hip is not 
allowed to abduct during extension, there may 
be a strong lateral pull on the patella because 
of tensor fasciae latae shortness. It may also 
occur even if the hip abducts. 


Extension of the knee if the thigh is prevented from 
abducting or is passively adducted as the hip is 
extended. 


Internal rotation of the thigh. 


External rotation of the leg on the femur. 


Shortness of Tensor Fasciae Latae and 
Sartorius: Similarities and Differences 


| ee CU MER WO erm 0 


Tensor Fasciae Latae Joint Sartorius 
Abducts Hip Abducts 

Flexes Hip Flexes 
Internally rotates Hip Externally rotates 
Extends Knee Flexes 





Habitual Positions that Predispose to 
Bilateral Adaptive Shortening 


Sitting in a "W" or reverse-tailor position favors tensor 
fasciae latae shortness; sitting in a tailor or yoga posi- 
tion favors sartorius shortening. The habit of sitting with 
one leg—and always the same one—in one of these po- 
sitions is conducive to unilateral shortness. Changing 
postural habits is an important part of treatment. 
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HIP FLEXOR STRETCHING 





Begin in the supine position, with the low back held 
flat by keeping one knee toward the chest with the 
other leg extended. The subject should contract the 
gluteals to actively extend the hip joint, bringing the 
thigh down toward the table without arching the back. 
(Note: If no table is available, this is the only hip flexor 
stretching exercise that can be done in the supine posi- 
tion. The stretching will affect the one-joint hip flexors 
only.) 

To stretch both one-joint and two-joint hip flexors, 
the test position may be used. If there is much tightness, 
take care to progress gradually with stretching. A little 
bit of stretching can cause soreness that may be felt 
more the next day. Also, remember that the psoas mus- 
cle is attached to the bodies, transverse processes, and 
intervertebral disks of the lumbar spine, and too vigor- 
ous stretching can create or aggravate a problem with 
the low back. 


The prone position on a table is unsatisfactory for 
stretching hip flexors, because the low back, which is al- 
ready in an anterior curve, cannot be held flat or con- 
trolled in any fixed position. If a table is available, the 
subject may lie with the trunk prone at the end of the 
table and the legs hanging down, with the knees bent as 
necessary and the feet on the floor. Have the subject 
raise one leg in hip extension, high enough to put a 
stretch on the hip flexors, with the knee straight for a 
one-joint stretch and the knee bent approximately 80° 
for a one-joint and two-joint stretch. 


When two-joint hip flexors are short, avoid the 
kneeling lunge. (The kneeling lunge may be used to 
stretch the one-joint muscles, providing that the two- 
joint hip flexors are not tight.) Be cautious in use of the 
kneeling lunge because of potential strain on the sacroil- 
jac joint as well as on the low back. 


When one-joint hip 
flexors are short, 
avoid the lunge. Be- 
cause the low back 
is not stabilized, 
tight hip flexors pull 
it into a lordosis. In 
the supine position, 
the low back is held 
flat, and tightness 
appears at the hip 
joint. 








Exercise to stretch the one-joint hip flexors. Contract the 
gluteus maximus to pull the thigh toward the table, main- 
taining the knee in extension and keeping the back flat. 


To stretch the one-joint and two-joint hip flexors on the 
right, lie on the back with the right lower leg hanging 
over the end of the table. Pull the left knee toward the 
chest just enough to flatten the low back and sacrum on 
the table. With hip flexor tightness, the thigh will be up 
from the table. Keeping back flat and the knee bent, 
press the right thigh down toward the table by pulling 
with the buttock muscle. If stretching one-joint hip flex- 
ors only, passive extension of the knee is permitted. To 
stretch the left hip flexors, reverse the procedure. (To 
stretch two-joint hip flexors, see pp. 225 and 462.) 





An effective stretch of one-joint hip flexors can be done 
standing by a door frame. Place one leg forward to help 
brace the body against the door frame, and place the other 
leg back to extend the hip joint. In the starting position 
(Figure A), the low back will be arched because of hip 
flexor tightness. Keep the hip extended, and pull upward 
and inward with the lower abdominal muscles to tilt the 
pelvis posteriorly and stretch the hip flexors (Figure B). 
This exercise requires a strong pull by the abdominals and 
is useful in building up the strength of these muscles, 
which are direct opponents of the hip flexors in standing. 
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PROBLEMS ASSOCIATED WITH 
HAMSTRING LENGTH TESTING 





There are only two variables in the forward bending 
hamstring length test: the knee joint and the hip joint. 
Movement at the knee is controlled by maintaining the 
knee in extension during the movement of hip flexion. 
Hip flexion is obtained by movement of the pelvis toward 
the thigh. This test is not valid when there is a significant 
difference in length between right and left hamstrings, in 
which case the straight-leg-raising test should be used. 

There are three variables in the straight-leg-raising 
test: the low back, hip joint, and knee joint. The knee 
joint is controlled by maintaining it in extension. The 
pelvis is controlled by maintaining the low back and 
sacrum flat on the table. The position of the pelvis and 
low back must be controlled. If the pelvis is in anterior 
tilt and the low back is hyperextended, the hip joint is 
already in flexion. The hamstrings will appear shorter 
than they actually are when measured by the angle of the 
leg with the table because this measurement does not in- 
clude the amount of hip joint flexion due to the anterior 
pelvic tilt. 

Hip flexor shortness is the chief cause of anterior 
pelvic tilt in the supine position, and the degree of short- 


ness varies from one individual to another. In order to 
stabilize the pelvis with the low back and sacrum flat on 
the table, one must "give in" to the tight hip flexors by 
passive flexion using pillows or a towel-roll under the 
knees, but only as much as is necessary to obtain the re- 
quired position of the pelvis. 

If the hip and knees are flexed to allow approxi- 
mately 40 degrees of hip flexion, the position will assure 
that there will be no anterior pelvic tilt to interfere with 
testing, but it will not prevent excessive posterior tilting. 
Standardizing the hip and knee position will not ensure 
that the position of the low back and pelvis will be stan- 
dardized. 

The hamstrings will appear longer than their actual 
length are if the pelvis is in posterior tilt with the low 
back in excessive flexion. When the straight-leg-raising 
test is done starting with one knee and hip flexed and the 
foot resting on the table as the other leg is raised, the 
pelvis is free to move in the direction of posterior tilt. 
An individual with as little as 45 degrees of straight-leg- 
raising can appear to have as much as 90 degrees of 
length (see p. 388). 
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STRAIGHT-LEG RAISING 
Equipment: 
Table or floor. 


Folded blanket may be used, but not soft padding. 
(The examiner cannot confirm that the low 
back and sacrum are flat if they are on a soft 
pad.) 

Goniometer to measure the angle between the 
straight leg and the table. 


Pillow or towel roll (in case of hip flexor 
shortness). 


Chart to record findings. 


Starting Position: Supine with the legs extended and 
the low back and sacrum flat on the table. (Standardiza- 
tion of the test requires that the knee be in extension, and 
that the low back and pelvis have a fixed position to con- 
trol the variables created by excessive anterior or poste- 
rior pelvic tilt.) When the low back and sacrum are flat, 
hold one thigh firmly down, making use of passive re- 
straint by the hip flexors to prevent excessive posterior 
pelvic tilt before starting to raise the other leg in the 
straight-leg-raising test. 


Test Movement: With the low back and sacrum flat on 
the table and one leg held firmly down, have the subject 
raise the other leg with the knee straight and the foot re- 
laxed. 


Reasons: The knee is kept straight to control this vari- 
able. The foot is kept relaxed to avoid gastrocnemius 
involvement at the knee. (If the gastrocnemius is tight, 
dorsiflexion of the foot will cause the knee to flex, 
thereby interfering with the test of the hamstrings.) If 
the knee starts to bend, lower the leg slightly and have 
the subject fully extend the knee and again raise the 
leg until some restraint is felt and the subject feels 
slight discomfort. 





- 


This straight-leg-raising test, with the lower back 
flat on the table, shows normal length of the ham- 
sting muscles, which permits flexion of the thigh 
toward the pelvis (i.e., hip joint flexion) to an angle 
of approximately 80? up from the table. 


TESTS FOR LENGTH OF HAMSTRING 
MUSCLES 





FORWARD BENDING 


Equipment: 
Table (not padded) or floor. 


Board (3 inches wide, 12 inches long, and approx- 
imately /> inch thick) to place flat against the 
sacrum. 


Goniometer to measure the angle between the 
sacrum and the table. 


Chart to record findings. 


Starting Position: Sitting with the hips flexed and the 
knees fully extended (long-sitting). Allow the feet to be 
relaxed, and avoid dorsiflexion. 


Reasons: Keeping the knee straight maintains a fixed 
elongation of the hamstrings over the knee joint, elimi- 
nating movement at the knee as a variable. Avoiding 
dorsiflexion of the foot prevents the knee flexion that 
may occur if the gastrocnemius is tight. 


lest Movement: Have the subject reach forward, as far 
as possible, in the direction of trying to touch the fin- 
gertips to the toes or beyond. 


Reasons: The subject will tilt the pelvis forward, toward 
the thighs, flexing the hip joints to the limit allowed by 
the hamstring length. 


Measuring Arc of Motion: Place the board with the 3- 
inch side on the table and the 12-inch side pressed against 
the sacrum when the hamstring length appears to be nor- 
mal or excessive. Place the board with the 12-inch side 
on the table and the 3-inch side pressed against the 
sacrum when the hamstrings are tight. Measure the an- 
gle between the upright board and the table. 


Normal Range of Motion: The pelvis flexes toward the 
thigh to the point that the angle between the sacrum and the 
table is approximately 80° (i.e., the same angle as that be- 
tween the leg and the table in the straight-leg-raising test) 





In forward bending, normal hamstring length per- 
mits flexion of the pelvis toward the thigh (i.e., hip 
joint flexion) as illustrated. 






TESTS FOR LENGTH OF HAMSTRING 
MUSCLES 





NORMAL HAMSTRING LENGTH 





No Hip Flexor Shortness: Straight-leg raising, with the subject or held down by the examiner. An angle of ap- 
subject in supine position, the low back and sacrum flat proximately 80° between the table and the raised leg is 
on the table, and the other leg either extended by the considered to be a normal range of hamstring length. 





EXCESSIVE HAMSTRING LENGTH 
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SHORTNESS OF HAMSTRINGS 





HAMSTRING LENGTH: APPARENTLY 
SHORT, ACTUALLY NORMAL 





Short hip flexors hold back in hyperextension and hip 
joint flexion 











In the supine position with the legs extended, low back 
hyperextended, and pelvis in anterior tilt, the hip joint 
is already in flexion. If the straight-leg-raising test is 
performed with the low back and pelvis in this posi- 
tion, hamstrings of normal length will appear to be 
short. 

With few exceptions, the position of anterior tilt re- 
sults from shortness of the one-joint hip flexors, and the 
amount of flexion varies with the amount of hip flexor 
shortness. 


HAMSTRING LENGTH: APPARENTLY 
NORMAL, ACTUALLY EXCESSIVE 





If it were possible to determine how many degrees 
of hip flexion exist by virtue of the pelvic tilt, this num- 
ber could be added to the number of degrees of straight- 
leg raise in determining hamstring length. It is not pos- 
sible, however, to measure that amount of flexion. Hence, 
the low back and pelvis must be flat on the table. To get 
the low back and sacrum flat in a subject with hip flexor 
shortness, the hips must be flexed, but only by the amount 
necessary to obtain the desired position. (See facing 


page.) 


The actual hamstring length is the same as that in the 
bottom figure on the facing page. 
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TESTS FOR LENGTH OF HAMSTRING 
MUSCLES 





SHORT HAMSTRINGS 





When hip joint flexion has reached the limit of ham- 
string length in the straight-leg raise, the hamstrings ex- 
ert a downward pull on the ischium in the direction of 
posteriorly tilting the pelvis. To prevent excessive poste- 
rior pelvic tilt and excessive flexion of the back, stabi- 
lize the pelvis with the low back in the flat position, by 


> 


holding the opposite leg firmly down. (If there is short- 
ness of hip flexors and a roll or pillow must be put un- 
der the knees to get the back flat, then one leg must be 


held firmly down on the pillow to prevent excessive pos- 
terior tilt.) 





APPARENT HAMSTRING LENGTH 
GREATER THAN ACTUAL LENGTH 


Excessive posterior tilt of the pelvis allows the leg to be 
raised slightly higher here than shown in the figures 
above, even though the hamstring length is the same in 
both instances. With the opposite leg held firmly down, 
excessive posterior tilt will not occur except in subjects 
with excessive length in the hip flexors, which is not 
common. 














A test for length of hip flexors confirms shortness of 


these muscles. (See pp. 376-380 for hip flexor length 
tests.) 


EFFECT OF HIP FLEXOR SHORTNESS 
ON HAMSTRING LENGTH TESTS 


d 


The hamstrings appear to be short. This test is not accu- 
rate, however, because the low back is not flat on the 
table. Shortness of the hip flexors on the side of the ex- 
tended leg holds the back in hyperextension. 








A л РЧ - 


To accommodate for hip flexor shortness and allow the 
low back to flatten, the thigh is passively flexed by a pil- 
low under the knee, not actively held in flexion by the 
subject. With the back flat, the test accurately shows the 
hamstrings to be normal in length. 





In testing for hamstring length and in exercising to stretch 
short hamstrings, avoid placing one hip and knee in the 
flexed position (as illustrated) while raising the other. 
Otherwise, flexibility of the lower back is added to the 
range of hip flexion, making the hamstrings appear to be 
longer than they are. Not infrequently, a subject has ex- 
cessive back flexibility along with hamstring shortness. 








Flexion of the pelvis toward the thigh (i.e., hip flexion) 
appears to be normal in forward bending. Because both 
hips are in flexion in forward bending, hip flexor short- 
ness does not interfere with movement of the pelvis to- 
ward the thigh, as occurs when one leg is extended in 
the supine position. 





The lordosis in standing is 
evidence of the one joint hip 
flexor shortness in this 
subject. 
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ERRORS IN TESTING HAMSTRING 
LENGTH 





ERROR IN TESTING 


CORRECT TEST 





When the straight-leg-raising test is done starting with 
one knee and hip flexed and the foot resting on the table 
as the other leg is raised, the pelvis is free to move in 
the direction of excessive posterior tilt, with the sacrum 
no longer flat on the table. Depending on the amount of 


flexibility of the back, the hamstring length will appear 
to be longer than actual, because back flexion is added 
to hip flexion. An individual with as little as 45° of ac- 
tual hamstring length can appear to have as much as 90°, 
as seen in the photographs above. 





NO STANDARDIZATION OF LOW 
BACK AND PELVIS 


If the hip and knee are flexed to allow approximately 
40° of hip flexion, the position will ensure enough slack 
in the hip flexors that they will not cause anterior pelvic 
tilt. This will not, however, insure against excessive pos- 
terior tilting. Standardization of the amount of hip and 
knee flexion will not standardize the position of the low 
back and pelvis, which must be standardized. Hip flexor 
shortness is the chief cause of anterior pelvic tilt in the 
supine position, and the degree of shortness varies from 
one individual to another. To stabilize the pelvis with the 
low back and sacrum flat on the table, one must "give 
in" to the tight hip flexors by using a pillow or towel roll 
under the knees, but only by as much as is necessary to 
obtain the required position of the pelvis. 





THREE VARIABLES, NONE 
CONTROLLED 


Sometimes an effort is made to determine hamstring 
length by ascertaining the number of degrees lacking in 
knee joint extension. The starting position is as follows: 
One leg is placed in approximately 40° of hip flexion, 
with the knee flexed and the foot resting on the table 
(giving rise to the problems cited above). The thigh of 
the opposite leg is raised to a position perpendicular to 
the table (which may—or may not—be 90° of true hip 
joint flexion). The knee is then moved in the direction of 
extension. The length of hamstrings is stated in the num- 
ber of degrees the knee joint lacks in extension. 


HAMSTRING LENGTH MISDIAGNOSED 





The following set of photographs demonstrate the need to pay 
strict attention to details in testing. During a hamstring length 
test, an error of omission on the part of the examiner can result 
in wrongfully labeling a subject as a malingerer. 





1. Postural alignment: 2 and 3. With the low back and one leg flat on the 4. Actively, the subject 
Pelvis sways forward, table, the other leg is passively raised to the extent raises the leg to an angle 
upper trunk goes back- allowed by the hamstring length. Each leg has of 50* .The inability to 
wards. Pelvis is in slight been raised to an angle of 60°. complete the passive 
posterior tilt, putting end- range of motion can result 
range stretch on the iliop- from slight stretch weak- 
soas, and allowing a short- ness ofthe iliopsoas. (See 


glossary for definition of 
stretch weakness.) 


ened position of the 
hamstrings. 





5. This photograph 6. The excessive flexibility of 7. When the hamstrings 8. With the low 
clearly illustrates the lumbar spine permits ex- are allowed to be slack back and pelvis 
excessive flexibility cessive posterior pelvic tilt. over the hip joint by the held in good align-. 
of the spine, espe- This position of the pelvis excessive posterior pelvic ment, the short- 
cially of the lumbar puts the hamstrings on a slack tilt, the knee can be fuily ness of the ham- 
spine. over the hip joint, and enables extended in sitting. strings is evident 


the subject to reach forward by the lack of the 


with knees fu\\y extended to knee extension. 
touch his toes, in spite of 
hamstring shortness. 
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HAMSTRING STRETCHING 





STRAIGHT-LEG RAISING 


As illustrated by the figure below, hamstring stretching 
may be performed as a passive exercise or as an active, 
assisted exercise. It may be performed as an active ex- 
ercise if not contraindicated because of tightness of the 
hip flexors. 

To stretch the right hamstring, lie on the table with 
the legs extended, and have an assistant hold the left leg 
down and gradually raise the right leg with the knee 
straight (or strap the left leg down and raise the right leg 
actively). To stretch the left hamstring, apply the same 
procedure to the left leg. 





The exercise also may be performed by putting the 
leg in a position that places a stretch on hamstrings, such 
as supine on the floor, with one leg extended, the other 
leg raised, and the heel resting on the back of a chair, or 
lying in an open doorway area, with one leg extended 
and the other raised and the heel resting against the wall. 
To increase the stretch, move the body closer to the chair 
or wall. Avoid placing both legs in the raised position at 
the same time, because the low back will be stretched in- 
stead of the hamstrings. Keeping one leg extended pre- 
vents excessive posterior tilt of the pelvis and excessive 
low back flexion. (See exercise sheet pp. 462, 463.) 


у | D4 


Lie on the floor behind a sturdy chair. 


KNEE EXTENSION IN SITTING 
POSITION 


Sit with the back against a wall, as illustrated by the fig- 
ure below. With the back kept straight and the buttocks 
touching the wall, raise one leg, extending the knee as 
much as possible. 





POSITIONS TO AVOID 


Avoid the standing position, with one heel on a stool or 
table and forward bending. For patients with pain or dis- 
ability, this is a risky position. It also makes it impossible 
to control the pelvic position to insure proper hamstring 
stretching. Furthermore, the exercise has an adverse effect 
on anyone with a kyphosis of the upper back. Exercise 
should be localized to stretching the hamstrings. 


AVOID 
ati. 
DX 





Avoid the "hurdler's position" for stretching the 
hamstrings. Excessive strain is placed on the bent knee, 
and the low back is excessively stretched. 


AVOID 





Avoid forward bending to stretch the hamstrings in 
cases with excessive flexion of the back, as seen in the 
figure below. 
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| HISTORICAL NOTE ABOUT THE OBER TEST 


In the Journal of the American Medical Association, 

May 4, 1935, there appeared an article by Frank Ober 

of Boston entitled "Back Strain and Sciatica" (4). In 

it. he discussed the relationship of a contracted tensor 
! fasciae latae and iliotibial band to low back and sciatic 

pain. The test for tightness was described, but Ober did 

not mention anything about avoiding hip flexion or in- 
| ternal rotation as the thigh is allowed to drop in ad- 
i duction. 

After the article appeared, Henry O. Kendall,* then 
a physical therapist at Children's Hospital School in 
Baltimore, expressed concern about the test to his med- 
ical director, George E. Bennett. The concern was that 
allowing the thigh to drop in flexion and internal rota- 

i tion would "give in" to the tight tensor and not accu- 
rately test it for length. At some point in late 1935 or 
early 1936, Dr. Ober visited Children's Hospital 
School, and Mr. Kendall expressed concern about the 
test to him personally. 

In the Journal ofthe American Medical Association, 
August 21, 1937, another article appeared in which Dr. 
Ober again described his test but, this time, he cau- 
tioned the examiner to avoid hip flexion and internal 
rotation as the thigh is allowed to adduct (5). 

Apparently, some people who have described the 

I test had access to the first article but not to the second. 
A well-known text describes positioning the leg in ab- 
duction, with the hip in a neutral position and the knee 
flexed 90^, and then releasing the abducted leg (6). 
The text also states that the normal iliotibial band will 
allow the thigh to drop to the adducted position (as il- 
lustrated by the knee touching the other leg or the 
table). A tensor fasciae lata of normal length will not 
permit the thigh to drop to table level unless the hip 
goes into some internal rotation and flexion. 


In the first article, Ober stated, "Тһе thigh is ab- 
ducted and extended in the coronal plane of the body." 
With respect to what should be considered a "normal" 
range of motion in the direction of adduction, this ar- 
ticle stated, "If there is no contraction present, the thigh 
will adduct beyond the median line." It must be noted 
that this statement referred to the test in which no ref- 
erence was made about preventing flexion and internal 
rotation. 

In the second article, Ober did not specifically refer to 
the coronal plane, but he did state, ''The thigh is allowed 
to drop toward the table in this plane." By the description, 
Ober was referring to the coronal plane. Maintaining the 
thigh in the coronal plane prevents hip joint flexion. 





THE OBER AND MODIFIED OBER TEST 





The second article made no mention of how far the 
thigh should drop toward the table. (See below for 
further discussion about normal range of motion in 
adduction.) 

Before deciding what may be considered a normal 
range of adduction in the Ober test, it is necessary to 
review normal range of motion of the hip joint. Con- 
trary to the information in several books (7-11), the 
normal range of hip joint adduction from the anatomi- 
cal position (i.e., in the coronal plane) is—and should 
be—limited* to approximately 10°. 

If adduction is limited to 10°, then in the side-lying 
position, with the pelvis in a neutral position, the ex- 
tended extremity should not drop more than 10° below 
the horizontal if kept in the coronal plane. In flexion 
and internal rotation, the range in adduction is greater, 
but such a position is no longer a test for length of the 
tensor fasciae latae. The action of the muscle is ab- 
duction, flexion, and internal rotation of the hip as well 
as assisting in extension of the knee. By "giving in" to 
flexion and internal rotation, the muscle is not being 
lengthened. 

Limitation of range of motion provides stability by 
preventing excessive motion. Limitation of knee-joint 
extension prevents hyperextension. Limitation of hip 
joint extension prevents the pelvis from swaying for- 
ward abnormally in standing. Limitation of hip joint 
adduction provides stability for standing on one leg at 
a time. 

In the 1937 article, Ober also stated that "when the 
maximum amount of fascial contracture is on the side 
and in front of the femur, the spine is held in lordosis, 
and that if the contracture is posterolateral, the lumbar 
curve is flattened. The former condition is common; 
the latter is rare. Either condition may be associated 
with pain low in the back and sciatica. Unilateral con- 
tracture may produce lateral curvature of the spine" 
(5). 

To test for tightness of the posterolateral iliotibial 
band, the hip is slightly flexed and medially rotated 
along with the adduction. Tightness of this band can be 
a factor in a straight-leg-raising test for hamstring 
length. 

Three-fourths of the gluteus maximus inserts into 
the iliotibial band, but the fibers are oblique to the 
band and do not have the direct line of pull as does the 
tensor fasciae latae. Furthermore, the gluteus maximus 
is seldom tight. 


«Senior author of the first and second editions of Muscles: Testing and Function (12.13). 








OBER AND MODIFIED OBER TESTS 





OBER TEST 


Below is the description of the test (which Oner called 
"The Abduction Test") quoted directly from the 1937 ar- 
ticle to provide the reader with the author's exact de- 
scription: (5) 


The Abduction Test 

1. The patient lies on their side on a table, the shoulder 
and pelvis being perpendicular to the table. 

2. The leg on which the patient is lying is flexed at the 
knee, and the hip is flexed and kept flexed to flatten the 
lumbar curve. 

3. If the patient is on their left side, die examiner places 
their left hand over the patient's hip in the region of the 
trochanter to steady him. 


4. The right leg is flexed to a right angle at the knee and 
is grasped just below the knee with die examiner's right 
hand, the leg and ankle being allowed to extend backward 
under this forearm and elbow. 


5. The right thigh is abducted widely, then hyperextended 
in the abducted position, the lower part of the leg being 
kept level and care being taken to keep die hip joint in a 
neutral position as far as rotation is concerned. 


6. The examiner slides his right hand backward along the 
leg until it grasps die ankle lightly but with enough ten- 
sion to keep the hip from flexing. 

7. The thigh is allowed to drop toward the table in this 
plane. (Caution: Do no bear down on the leg.) If the fas- 
cia lata and the iliotibial band are tight, the leg will re- 
main more or less permanently abducted. If the hip is al- 
lowed to flex or internally rotate, the iliotibial band 
becomes relaxed and the leg falls from its own weight. 


8. The same procedure for the opposite side is followed 
in every case. 





Ober Test, Normal Length: With the knee maintained 
at a right angle, the thigh drops slightly below horizontal. 


MODIFIED OBER TEST 


A modification of the Ober test was first recommended 
by the Kendalls in Posture and Pain (3). The reasons for 
modifying the test are valid, including less strain medi- 
ally in the area of the knee joint, less tension on the 
patella, and less interference by a tight rectus femoris. 
Additionally, for a muscle with multiple actions, like the 
tensor fascia latae, it is not necessary to stretch in the re- 
verse of all actions when testing for length. 

Place the subject in a side-lying position, with the 
underneath leg flexed at the hip and knee to flatten the 
low back, thereby stabilizing the pelvis against anterior 
pelvic tilt. Anterior pelvic tilt is the equivalent of hip 
flexion and is to be avoided because it "gives in" to the 
tightness. 

The pelvis must also be stabilized to prevent lateral 
pelvic tilt downward on the tested side. Downward lat- 
eral tilt is the equivalent of hip joint abduction, and such 
a movement of the pelvis would "give in" to a tight ten- 
sor. For most people, the lateral trunk will be in contact 
with the table in the side-lying position. People with 
wide hips and narrow waists will be the exceptions. 

On the tested side, the examiner places one hand 
laterally on the subject's pelvis, just below the iliac crest, 
and pushes upward enough to stabilize the pelvis and 
keep the lateral trunk in contact with the table. The ex- 
aminer does not externally rotate the thigh but, instead, 
keeps it from internally rotating and brings it back in ex- 
tension. If the tensor is tight, it will be necessary to 
abduct the leg to bring it into extension. Keep the leg ex- 
tended in line with the trunk (i.e., in the coronal plane), 
and allow the leg to drop in adduction toward the table. 


In this figure, the pelvis is in neutral position, the hip is 
neutral between medial and lateral rotation, and the leg 
is in the coronal plane and allowed to drop in adduction. 
In this case, it drops 10? below the horizontal, which 
may be considered a normal length for the tensor fasciae 
latae. 
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OBER AND MODIFIED OBER TESTS 





BILATERAL TIGHTNESS OF TENSOR 
FASCIAE LATAE: POSITIVE OBER TEST 





The range of motion in adduction may be considered as knee flexed 90°. This subject's thighs remain in marked 
normal if the thigh drops slightly below horizontal with abduction because of bilateral tightness of the tensor fas- 
the thigh in neutral rotation in the coronal plane and the ciae latae and iliotibial band. 





BILATERAL TIGHTNESS OF TENSOR FASCIAE 
LATAE: MODIFIED OBER TEST (KNEE EXTENDED) 





The range of motion in adduction may be considered as knee extended. In this test, this subject's legs do not drop 
normal if the leg drops 10° below the horizontal with the to the horizontal because of tightness in the tensor fas- 
thigh in neutral rotation in the coronal plane and the ciae latae and iliotibial band. 





ERRORS IN TESTING FOR TIGHTNESS OF TENSOR 
FASCIAE LATAE AND ILIOTIBIAL BAND 





main тыг Cam meom 


According to one reference, the leg, with the knee bent, the examiner. The thigh must be kept in the coronal 
is maneuvered into the correct Ober test position and plane and prevented from internally rotating to test ac- 
then released (4). As seen in the photographs above, the curately for tightness of the tensor fasciae latae and ili- 
hip internally rotates and flexes when not controlled by otibial band. 
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MODIFIED OBER TEST: TRUNK PRONE 





Equipment: Treatment table. If the table is not padded, 
place a folded towel or thin pillow at the end of the table 
as a cushion. For this test, a table that can be raised or 
lowered is preferable to accommodate for the height of 
the subject.* Adjust the height of the table as needed for 
the subject to be able to place both feet on the floor with 
the knees slightly bent. 


Starting Position: The subject stands at the end of the 
table, in contact with the table, and bends forward to rest 
the trunk prone on the table. For the trunk to rest fully 
on the table, the knees are bent, and the feet are placed 
forward under the table as much as necessary. The sub- 
ject extends both arms overhead and grasps the sides of 
the table. 


Reasons: With the trunk prone, the lower back will be 
flat; keeping the arms fully extended overhead tends to 
prevent any lateral tilting of the pelvis. This prone posi- 


tion meets the requirements of the Ober test and is more 
stable than the side-lying position. 


Test Movement: To test for length of the left tensor fas- 
ciae latae and the iliotibial band, the examiner stands in 
position to grasp, with the left arm, the subject's left 
thigh and lower leg, holding the knee bent at a right an- 
gle. With the right hand, the examiner holds the pelvis 
firmly down on the table. Keeping the knee bent, the ex- 
aminer moves the leg to the completion of hip abduction 
and then upward in extension. Maintaining the hip joint 
at the completion of extension, the examiner then moves 
it in the direction of adduction. (Reverse the instructions 
for testing the subject's right leg.) 


Normal Range of Motion: Moving the thigh to a posi- 
tion of zero adduction (i.e., comparable to horizontal in 
the side-lying position). (If the hip cannot be fully ex- 
tended, there will be slightly more adduction.) 





-Except for this test, treatment tables that have thick padding and are 
hinged in the middle are not suitable for length and strength tests of 
most hip joint muscles and trunk muscles. 
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HIP FLEXOR LENGTH TESTING 





joint if the other joint (or joints) are maintained in a po- 


A tight one joint muscle will limit the range of motion 
sition of normal elongation of the muscle. 


in the direction opposite its action. A muscle that crosses 
two or more joints may exhibit tightness at only one 





Figure 1. The subject is supine with the legs ab- 
ducted. The low back is flat on the table i.e., normal 
flexion of the low back. The pelvis is in posterior tilt, 
and the hip joint is extended. There is no apparent 
hip flexor shortness. 

Figure 2. The legs are in neutral position, neither 
adducted nor abducted. The low back is no longer 
flat on the table, the pelvis is in anterior tilt. Be- 
cause of the anterior pelvic tilt, the hip joint is in 
flexion. 











Figure 3. The subject is kneeling with the knees 
flexed about 90°, and the thighs are abducted.The 
pelvis and femur are in good alignment. 

Figure 4. The subject is kneeling with the thighs in 
neutral position (neither abducted nor adducted). 
The alignment of the trunk has shifted forward,The 
low back extension (arching) has increased provid- 
ing evidence of hip flexor tightness. 


Conclusion: The tightness is in the muscle that 
both flexes and abducts the hip joint, namely the 
Tensor Fasciae Latae. 





HIP FLEXOR LENGTH TESTING 


DIFFERENTIAL DIAGNOSIS 


Flexion of the hip joint may be performed by flexion of 
the thigh toward the pelvis, or by anterior tilting of the 
pelvis toward the thigh. Hip flexors (*) consist of the 
following: 


1. The one-joint iliopsoas that flexes the hip joint. 


2. The two-joint rectus femoris that flexes the hip joint 
and extends the knee joint. 
3. The two-joint tensor fasciae latae that flexes, 


abducts and internally rotates the hip joint, and as- 
sists in extension of the knee. 





Figure 1a 





Figure 2a 


Figures 1, a and b: Starting position for hip flexor 
length tests. The low back is flat on the table and 
maintained in that position by holding the right 
knee toward the chest as the left leg is tested. There 
is evidence of left hip flexor shortness by the fact 
that the thigh does not touch the table. 


(*) The sartorius is omitted here because it acts to flex and externally 
rotate the hip joint and flex the knee joint. 





Hip Flexor Length Tests 


Below and on the facing page, photographs show tests for 
differential diagnosis of hip flexor tightness. The same 
subject and the same examiner appear in the both sets of 
tests. 

The subject is also the same person as on the pre- 
ceding page. The right column on this and the facing 
page shows the results of the first examination; the left 
column includes the same tests about five years later. 





Figure 1b 





Figure 2b 


Figures 2, a and b: The leg has been moved into a 
position of hip joint abduction. The thigh now 
touches the table, providing evidence that there is 
no tightness in the iliopsoas muscle. The degree of 
knee flexion indicates that there is little or no tight- 
ness in the rectus femoris. 
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Figure 4a 


Figures 3, a and b: The thigh has been maintained 
in contact with the table (to keep the iliopsoas at 
its normal length). The pelvis has been stabilized to 
prevent any lateral movement of the pelvis as the 
leg has been moved back (against a fair amount of 
resistance by the tensor) from the abducted posi- 
tion to zero position. 





HIP FLEXOR LENGTH TESTING 


Figure 3b 





Figure 4b 


Figures 4, a and b: Normal length of the tensor fas- 
ciae latae will permit knee flexion along with the 
hip extension and adduction. There is undeniable 
evidence of tightness in the tensor fasciae latae as 
exhibited by the extended position of the knees, 
especially evident at the time of the first test. 
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TENSOR FASCIA LATAE STRETCHING 





Tightness or even contracture of the iliotibial band is fre- 
quently seen. The relationship to painful conditions is 
discussed in Section IV (see p. 449). The following dis- 
cussion concerns exercises to stretch the tensor fasciae 
latae and the anterolateral iliotibial band. 

The tensor fasciae latae abducts, flexes, and inter- 
nally rotates the hip joint, and it assists in knee exten- 
sion. When a muscle has multiple actions, it is not nec- 
essary to elongate the muscle in all the directions 
opposite its actions to stretch it. An exercise may only 
need to include two or three movements in the direction 
of stretching. Most of all, it is important that the stretch- 
ing be specifically directed to the area in need of stretch. 
Some commonly prescribed exercises are not meeting 
this requirement. 

Standing with the legs crossed puts the hip joints in 
adduction. However, in this position, the hips are usually 
in internal rotation and in some degree of flexion by 
virtue of the pelvis being tilted anteriorly. If, besides 
standing in a position of adduction, the person sways 
sideways, toward a wall ora table, the stretch will often 
affect the posterior gluteus medius more than the tensor 
fasciae latae. 


AVOID 





Crossing the legs 
places the hip io'tnt in 
flexion (by anterior 
pelvic tilt) and in inter- 
nal rotation. 


Swaying sideways, 
with the hip internally 
rotated and flexed, 
stretches the gluteus 
medius more than the 
tensor fasciae latae. 


Better control and more precision in stretching can 
be obtained by moving the pelvis in relation to the fe- 
mur. To understand this mechanism, however, it is nec- 
essary to describe the effect of pelvic tilt on the hip 
joints. 

When the legs are of equal length and the pelvis is 
level in standing, both hip joints are neutral as far as ad- 
duction and abduction are concerned. If the person sways 
sideways, however, the position of the hip joints change. 
Swaying toward the left results in adduction of the left 
hip joint. Likewise, if a lift is placed under the left foot. 





the left side of the pelvis will be elevated, and the left 
hip joint will also be in adduction (but without swaying 
sideways). 

To stretch a tight left tensor and anterior iliotibial 
band, stand with a board, book, or magazine under the 
left foot; the thickness of such a raise should be deter- 
mined by the amount tolerated. Keep the weight on both 
feet, and keep the feet and knees (i.e., femurs) in good 
alignment (i.e., the feet out-toeing approximately 8? to 
10? on each side and the patellae facing straight ahead). 
Then, attempt to tilt the pelvis posteriorly. This posterior 
pelvic tilt results in extension of the hip joint. The range 
of motion will be slight, but the stretch should be felt 
very specifically in the area of the left tensor fasciae 
latae. The tensor will be stretched by adduction and ex- 
tension of the hip joint without allowing internal rota- 
tion. Additionally, the stretching can be done by remov- 
ing the right shoe (if the heel is not too high) instead of 
putting a lift under the left foot. 


For bilateral tightness, place the lift alternately un- 
der the left and right, or alternately remove one shoe, 
and hold the stretch position for a comfortable length of 
time (e.g., 1-2 minutes). 


Standing with a raise un- 
der the left foot places 
the left hip joint in adduc- 
tion. Posterior pelvic tilt 
adds hip joint extension, 
providing a stretch on the 
left tensor fasciae latae 
and iliotibial band. The 
subject makes an effort to 
control rotation, keeping 
the patellae facing 
straight ahead. Standing 
with slight out-toeing of 
the feet also helps to 
control rotation. 


When tightness is unilateral, a lift (1/4-inch heel 
pad) in the shoe on the side of tightness will passively 
stretch the tensor. Make sure this lift is worn in all 
shoes and bedroom slippers and that the person avoids 
any bad habit of standing on the opposite leg. A lift will 
not do any good unless the person stands with the 
weight distributed evenly over both feet. (For assisted 
stretching of a tight tensor fasciae latae, see p. 450, and 
for treatment of a stretched tensor fasciae latae, see 
pp. 450, 451.) 
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SECTION Ш: MUSCLE STRENGTH 399 
TESTING = 





CHART FOR ANALYSIS OF MUSCLE IMBALANCE: LOWER EXTREMITY 
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ABDUCTOR HALLUCIS AND 


ADDUCTOR HALLUCIS 


Adductor 
hallucis 
\ 
trans. head 
oblique head 
abductor \_ 
hallucis 





ABDUCTOR HALLUCIS 


Origin: Medial process of tuberosity of the calcaneus, 
flexor retinaculum, plantar aponeurosis, and adjacent in- 
termuscular septum. 


Insertion: Medial side of the base of the proximal pha- 
lanx of the great toe. Some fibers are attached to the me- 
dial sesamoid bone, and a tendinous slip may extend to 
the base of the proximal phalanx of the great toe. 


Action: Abducts and assists in flexion of the metatar- 
sophalangeal joint of the great toe, and assists with ad- 
duction of the forefoot. 


Nerve: Tibial, L4, 5. SI. 
Patient: Supine or sitting. 
Fixation: The examiner grips the heel firmly. 


Test: If possible, abduction of the big toe from the ax- 
ial line of the foot. This is difficult for the average indi- 
vidual, and the action may be demonstrated by having 
the patient pull the forefoot in adduction against pres- 
sure by the examiner. 


Pressure: Against the medial side of the first metatarsal 
and proximal phalanx. The muscle can be palpated and 
often seen along the medial border of the foot. 








Weakness: Allows forefoot valgus, hallux valgus, and 
medial displacement of the navicular. 


Contracture: Pulls the foot into forefoot varus, with the 
big toe abducted. 


ADDUCTOR HALLUCIS 
Origin: 
Oblique head: From the bases of the second through 


fourth metatarsal bones and the sheath of the tendon of 
the peroneus longus. 


Transverse head: From the plantar metatarsophalangeal 
ligaments of the third through fifth digits and the deep 
transverse metatarsal ligament. 


Insertion: Lateral side of the base of the proximal pha- 
lanx of the great toe. 


Action: Adducts and assists in flexing the metatar- 
sophalangeal joint of the great toe. 


Nerve: Tibial, SI, 2. 


Contracture: Adduction deformity of the great toe (i.e., 
hallux valgus). 


Note: No test illustrated. 
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FLEXOR HALLUCIS BREVIS 


Origin: Medial part of the plantar surface of the cuboid 
bone, adjacent part of the lateral cuneiform bone, and 
from prolongation of the tendon of the tibialis poste- 
rior. 


Insertion: Medial and lateral sides of the base of the 
proximal phalanx of the great toe. 


Action: Flexes the metatarsophalangeal joint of the 
great toe. 


Nerve: Tibial, LA, 5, SI. 
Patient: Supine or sitting. 


Fixation: The examiner stabilizes the foot proximal to 
the metatarsophalangeal joint and maintains a neutral 
position of the foot and ankle. (Plantar flexion of the 
foot may cause restriction of the test movement by 
tension of the opposing long toe extensor muscles.) 








FLEXOR HALLUCIS BREVIS 





Abd. hallucis 





Test: Flexion of the metatarsophalangeal joint of the 
great toe. 


Pressure: Against the plantar surface of the proximal 
phalanx, in the direction of extension. 


Nolo: When the flexor hallucis longus is paralyzed 
and the brevis is active, the action of the brevis is clear 
because the toe flexes at the metatarsophalangeal joint 
without any flexion of the interphalangeal joint. When 
the flexor hallucis brevis is paralyzed and the longus 

is active, the metatarsophalangeal joint hyperextends, 
and the interphalangeal joint flexes. 


Weakness: Allows a hammer-toe position of the great 
toe, and lessens stability of the longitudinal arch. 


Contracture: The proximal phalanx is held in flexion. 









FLEXOR HALLUCIS LONGUS 


FLEXOR HALLUCIS LONGUS 


Origin: Posterior surface of the distal /j of the fibula, 
interosseous membrane, and adjacent intermuscular 
septa and fascia. 


Insertion: Base of the distal phalanx of the great toe, 
plantar surface. 


Not©: The flexor hallucis longus is connected to 
the flexor digitorum longus by a strong tendinous 
slip. 


Action: Flexes the interphalangeal joint of the great toe, 
and assists in flexion of the metatarsophalangeal joint, 
plantar flexion of the ankle joint, and inversion of the 
foot. 


Nerve: Tibial, L5, SI, 2. 
Patient: Supine or sitting. 


Fixation: The examiner stabilizes the metatarsopha- 
langeal joint in a neutral position and maintains the 
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longus ^1 





ankle joint approximately midway between dorsal and 
plantar flexion. (Full dorsiflexion may produce pas- 
sive flexion of the interphalangeal joint, and full plan- 
tar flexion would allow the muscle to shorten too much 
to exert its maximum force.) If the flexor hallucis bre- 
vis is very strong and the flexor hallucis longus weak, 
it is necessary to restrict the tendency for the metatar- 
sophalangeal joint to flex by holding the proximal pha- 
lanx in slight extension. 


Test: Flexion of the interphalangeal joint of the great 
toe. 


Pressure: Against the plantar surface of the distal pha- 
lanx, in the direction of extension. 


Weakness: Results in a tendency toward hyperextension 
of the interphalangeal joint and hammer-toe deformity 
of the great toe. Decreases the strength of inversion of 
the foot and plantar flexion of the ankle. In weight bear- 
ing, permits a tendency toward pronation of the foot. 


Contracture: Claw-toe deformity of the great toe. 
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EXTENSOR HALLUCIS LONGUS 


Origin: Middle two quarters of the anterior surface of 
the fibula and adjacent interosseous membrane. 


Insertion: Base of the distal phalanx of the great toe. 


Action: Extends the metatarsophalangeal and interpha- 
langeal joints of the great toe, and assists in inversion of 
the foot and dorsiflexion of the ankle joint. 


Nerve: Deep peroneal, L4, 5, SI. 


EXTENSOR HALLUCIS BREVIS 
(MEDIAL SLIP OF EXTENSOR 
DIGITORUM BREVIS) 

Origin: Distal part of the superior and lateral surfaces 


of the calcaneus, lateral talocalcaneal ligament, and apex 
of inferior extensor retinaculum. (See p. 408.) 


Insertion: Dorsal surface of the base of the proximal 
phalanx of the great toe. 


Action: Extends the metatarsophalangeal joint of the 
great toe. 


Nerve: Deep peroneal, L4, 5, SI. 


EXTENSOR HALLUCIS LONGUS 


AND BREVIS 





Patient: Supine or sitting. 


Fixation: The examiner stabilizes the foot in slight 
plantar flexion. 


Test: Extension of the metatarsophalangeal and inter- 
phalangeal joints of the great toe. 


Pressure: Against the dorsal surface of the distal and 
proximal phalanges of the great toe in the direction of 
flexion. 


Weakness: Decreases the ability to extend the great toe, 
and allows a position of flexion. The ability to dorsiflex 
the ankle joint is decreased. 


Contracture: Extension of the great toe, with the head 
of the first metatarsal driven downward. 


Note: Paralysis of the extensor hallucis brevis (first 
slip of the extensor digitorum brevis) cannot be 

determined accurately in the presence of a strong 

extensor hallucis longus. In paralysis of the exten- 

sor hallucis longus, however, the action ofthe ex- 

tensor hallucis brevis is clear. The distal phalanx 

does not extend, and the proximal phalanx extends 

in the direction of adduction (i.e., toward the axial 

line ofthe foot). 





LUMBRICALES AND INTEROSSEI 
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Lumbricales 


LUMBRICALES (FOUR) 
Origin: 


First: From the medial side of the first flexor digitorum 
longus tendon. Second: From the adjacent sides of the 
first and second flexor digitorum longus tendons. 


Third: From the adjacent sides of second and third flexor 
digitorum longus tendons. 


Fourth: From the adjacent sides of third and fourth flexor 
digitorum longus tendons. 


Insertions: Medial side of the proximal phalanx and 
dorsal expansion of the extensor digitorum longus ten- 
don of the second through fifth digits. 


Actions: Flexes the metatarsophalangeal joints, and as- 
sists in extending the interphalangeal joints of the sec- 
ond through fifth digits. 


Nerve to Lumbricalis I: Tibial, LA, 5, SI. 


Nerve to Lumbricales II, II, and IV: Tibial, L(4), (5), 
SI, 2. 


Plantar interossei 










Dorsal interossei 


PLANTAR INTEROSSEI (THREE) 


Origin: Bases and medial sides ofthe bodies of the third 
through fifth metatarsal bones. 


Insertion: Medial sides of the bases of the proximal 
phalanges of the same digit. 


Action: Adduct the third, fourth, and fifth digits toward 
the axial line through the second digits. Assist in flexion 
of the metatarsophalangeal joints, and may assist in ex- 
tension of interphalangeal joints, of the third, fourth, and 
fifth digit. 


Nerve: Tibial, SI, 2. 


DORSAL INTEROSSEI (FOUR) 


Origin: Each by two heads from the adjacent sides of 
the metatarsal bones. 


Insertions: Side of the proximal phalanx and capsule of 
the metatarsophalangeal joint. 


First: To the medial side of the second digit. 


Second through fourth: To the lateral sides of the second 
through fourth digits. 


Action: Abducts the second through fourth digits from 
the axial line through the second digit. Assists in flexion 
of the metatarsophalangeal joints, and may assist in ex- 
tension of interphalangeal joints, of the second through 
fourth digits. 


Nerve: Tibial, SI, 2. 
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Patient: Supine or sitting. 


Fixation: The examiner stabilizes the midtarsal region 
and maintains a neutral position of the foot and ankle. 


Test: Flexion of the metatarsophalangeal joints of the 
second through fifth digits, with an effort to avoid flex- 
ion of the interphalangeal joints. 


Pressure: Against the plantar surface of the proximal 
phalanges of the four lateral toes. 


Weakness: When these muscles are weak and the flexor 
digitorum longus is active, hyperextension occurs at the 
metatarsophalangeal joints. The distal joints flex, caus- 
ing a hammer-toe position of the four lateral toes. Mus- 
cular support of the transverse arch is decreased. 


DEFORMITIES OF FOOT AND ANKLE 


In the following list, foot deformities are defined in 
terms of the positions of the involved joints. In severe 
deformities, the position of the joint is beyond the nor- 
mal range of joint motion. 
Talipes valgus: Foot everted and accompanied by 
flattening of the longitudinal arch. 
Talipes varus: Foot inverted and accompanied by an 
increase in the height of the longitudinal arch. 
Talipes equinus: Ankle joint plantar flexed. 
Talipes equinovalgus: Ankle joint plantar flexed 
and foot everted. 


LUMBRICALES AND INTEROSSEI 





Patient: Supine or sitting. 
Fixation: The examiner stabilizes the metatarsopha- 


langeal joints and maintains the foot and ankle in ap- 
proximately 20° to 30° of plantar flexion. 


Test: Extension of the interphalangeal joints of the 
four lateral toes. (A separate test for adduction and 
abduction of the interossei is not practical, because 
most individuals cannot perform these movements of 


the toes.) 


Pressure: Against the dorsal surface of the distal pha- 
langes, in the direction of flexion. 


Note: Testing for strength of the lumbricales is im- 
portant in cases of hammer toe and of metatarsal 


arch strain. 


Talipes equinovarus: Ankle joint plantar flexed 
and foot inverted (i.e., clubfoot). 

Talipes calcaneus: Ankle joint dorsiflexed. 

Talipes calcaneovalgus: Ankle joint dorsiflexed 
and foot everted. 

Talipes calcaneovarus: Ankle joint dorsiflexed and 
foot inverted. 

Talipes cavus: Ankle joint dorsiflexed and forefoot 
plantar flexed, resulting in a high longitudinal 
arch. With the change in position of the calca- 
neus, the posterior prominence of the heel tends 
to be obliterated, and weight bearing on the cal- 
caneus shifts posteriorly. 





FLEXOR DIGITORUM BREVIS 


FLEXOR DIGITORIUM BREVIS 


Origin: Medial process of the tuberosity of the calca- 
neus, central part of the plantar aponeurosis, and adja- 
cent intermuscular septa. 


Insertion: Middle phalanx of the second through fifth 
digits. 


Action: Flexes the proximal interphalangeal joints, and 
assists in flexion of the metatarsophalangeal joints of the 
second through fifth digits. 


Nerve: Tibial, L4. 5. SI. 
Patient: Supine or sitting. 


Fixation: The examiner stabilizes the proximal pha- 
langes and maintains a neutral position of the foot and 
ankle. If the gastrocnemius and soleus are paralyzed, the 
examiner must stabilize the calcaneus, which is the bone 
of origin, during the toe flexor test. 


Test: Flexion of the proximal interphalangeal joints of 
the second through fifth digits. 





Pressure: Against the plantar surface of the middle pha- 
lanx of the four toes, in the direction of extension. 


—— 
| Note: When the flexor digitorum longus is para- 
lyzed and the brevis is active, the toes flex at the 
middle phalanx while the distal phalanx remains 
| extended. 


Weakness: The ability to flex the proximal interpha- 
langeal joints of the four lateral toes is decreased, and 
the muscular support of the longitudinal and transverse 
arches is diminished. 


Contracture: Restriction of extension of the toes. The 
middle phalanges flex, and there is a tendency toward a 
cavus if the gastrocnemius and soleus are weak. 


ae 
| Not©: Testing for strength of the flexor digitorum 
| brevis is important in cases of longitudinal arch 

strain. Often, a point of acute tenderness is found 
| at the origin of this muscle on the calcaneus. 
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FLEXOR DIGITORUM LONGUS 


Origin: Middle 7/5 of posterior surface of the body of 
the tibia and from fascia covering the tibialis posterior. 
Insertion: Bases of the distal phalanges of the second 
through fifth digits. 

Action: Flexes proximal and distal interphalangeal and 


metatarsophalangeal joints of the second through fifth 
digits. Assists in plantar flexion of the ankle joint and in- 


version of the foot. 

Nerve: Tibial, L5, SI, (2). 

Patient: Supine or sitting. With gastrocnemius tight- 
ness, the knee should be flexed to permit a neutral posi- 
tion of the foot. 

Fixation: The examiner stabilizes the metatarsals and 
maintains a neutral position of the foot and ankle. 

lest: Flexion of the distal interphalangeal joints of the 
second through fifth digits. The flexor digitorum is as- 
sisted by the quadratus plantae. 

Pressure: Against the plantar surface of the distal pha- 
langes of the four toes in the direction of extension. 


Weakness: Results in a tendency toward hyperextension 
of the distal interphalangeal joints of the four toes. De- 








"Quadratus plantae 
Flex, digit, long 





creases the ability to invert the foot and plantar flex the 
ankle. In weight bearing, weakness permits a tendency 


toward pronation of the foot. 


Contracture: Flexion deformity of distal phalanges of 
the four lateral toes, with restriction of dorsiflexion and 


eversión of the foot. 


QUADRATUS PLANTAE 
(FLEXOR ACCESSORIUS) 
Origin of Medial Head: Medial surface of the calca- 
neus and medial border of the long plantar ligament. 
Origin of Lateral Head: Lateral border of plantar sur- 
face of the calcaneus and lateral border of the long plan- 
tar ligament. 
Insertion: Lateral margin and the dorsal and plantar sur- 
faces of the tendon of the flexor digitorum longus. 
Action: Modifies the line of pull of the flexor digitorum 
longus tendons, and assists in flexing the second through 
fifth digits. 
Nerve: Tibial, SI, 2. 





Note: No test illustrated. 
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*Ext. hallucis 


EXTENSOR DIGITORUM LONGUS 


Origin: Lateral condyle of the tibia, proximal A of the 
anterior surface of the body of the fibula, proximal pat 
of the interosseous membrane, adjacent intermuscular 
septa, and deep fascia. 


Insertion: By four tendons to the second through fifth 
digits. Each tendon forms an expansion on the dorsal 
surface of the toe and divides into an intermediate slip 
attached to the base of the middle phalanx, and into two 
lateral slips attached to the base of the distal phalanx. 


Action: Extends the metatarsophalangeal joints, and as- 
sists in extending the interphalangeal joints of the sec- 
ond through fifth digits. Assists in dorsiflexion of the an 
kle joint and eversión of the foot. 


Nerve: Peroneal, L4, 5, SI. 


EXTENSOR DIGITORUM BREVIS 


Origin: Distal part of the superior and lateral surfaces 
of the calcaneus, lateral talocalcaneal ligament and ape 
of the inferior extensor retinaculum. 


Insertion: By four tendons to the first through fourth dig 
its. The most medial slip, also known as the extensor ^ 
lucis brevis, inserts into the dorsal surface of the base 

the proximal phalanx of the great toe. The other three ten 
dons join the lateral sides of the tendons of the extensor 
digitorum longus to the second, third, and fourth dig" 


Action: Extends the metatarsophalangeal joints ог! 
first through fourth digits, and assists in extending the ` 
terphalangeal joints of the second through fourth dig’ 


Nerve: Deep peroneal, L4, 5, SI. 





| Note: Because the extensor digitorum brevis ft 

| dons fuse with the tendons of the extensor long" ^ 
the second through fourth digits, the brevis as " 
as the longus will extend all joints of these toes- 
Wit hout an extensor longus, however, no extens" à 
of the fifth digit will occur at the metatarsopl'" 
langeal joint. To differentiate, palpate the t*** / 
the longus and the belly of the brevis, and try to 
tect any difference in movement of the toes. 


PERONEUS TERTIUS 


Origin: Distal ‘h of the anterior surface of the fi" — 
terosseous membrane, and adjacent intermuscular sep " 


Insertion: Dorsal surface, base of the fifth metatars 
Action: Dorsiflexes ankle joint, and everts foot. 


Nerve: Deep peroneal, L4, 5, SI. 


- 


EXTENSOR DIGITORUM LONGUS 
AND BREVIS 


Patient: Supine or sitting. 


Fixation: The examiner stabilizes the foot in slight plan- 
tar flexion. 


Test: Extension of all joints of the second through fifth 
digits. 

Pressure: Against the dorsal surface of the toes, in the 
direction of flexion. 


Weakness: Allows a tendency toward dropfoot and fore- 
foot varus. Diminishes the ability to dorsiflex the ankle 
joint and evert the foot. Many cases of flat feet (i.e., col- 
lapse of the long arch) also have accompanying weak- 
ness of the toe extensors. 


Contracture: Hyperextension of the metatarsopha- 
langeal joints. 
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BREVIS AND PERONEUS TERTIUS 





PERONEUS TERTIUS 

Patient: Supine or sitting. 

Fixation: The examiner supports the leg above the an- 
kle joint. 

Test: Dorsiflexion of the ankle joint, with eversion of 


the foot. 


Note: The peroneus tertius is assisted in this test 
by the extensor digitorum longus, of which it is a 
part. 


Pressure: Against the lateral side, dorsal surface of the 
foot, in the direction of plantar flexion and inversion. 


Weakness: Decreases the ability to evert the foot and 
dorsiflex the ankle joint. 


Contracture: Dorsiflexion of the ankle joint and ever- 
sion of the foot. 










TIBIALIS ANTERIOR 


Metatarsa Media xi 
cuneiform 


TIBIALIS ANTERIOR 


Origin: Lateral condyle and proximal half of the lateral 
surface of the tibia, interosseous membrane, deep fascia 
and lateral intermuscular septum. 


Insertion: Medial and plantar surface of medial 
cuneiform bone, base of the first metatarsal bone. 


Action: Dorsiflexes the ankle joint, and assists in inver- 
sion of the foot 


Nerve: Deep peroneal, L4, 5, SI. 


Patient: Supine or sitting (with knee flexed if any gas- 
trocnemius tightness is present). 


Fixation: The examiner supports the leg, just above the 
ankle joint. 


lest: Dorsiflexion of the ankle joint and inversion of the 
foot, without extension of the great toe. 


Pressure: Against the medial side, dorsal surface of the 
foot, in the direction of plantar flexion of the ankle joint 
and eversión of the foot. 


Weakness: Decreases the ability to dorsiflex the ankle 
joint, and allows a tendency toward eversión of the foot. 
This may be seen as a partial dropfoot and tendency to- 
ward pronation. 


Contracture: Dorsiflexion of ankle joint, with inversion 
of the foot (i.e., calcaneovarus position of the foot). 


Note: Although tibialis anterior weakness may be 
found in conjunction with a pronated foot, such 
weakness is seldom found in cases of congenital 


flatfoot. 











TIBIALIS POSTERIOR 


Origin: Most of the interosseous membrane, lateral por- 
tion of the posterior surface of the tibia, proximal 2/3 of 
the medial surface of the fibula, adjacent intermuscular 
septa and deep fascia. 


Nerve: Tibial, L(4), 5, SI. 





TIBIALIS POSTERIOR 


Navicular Cuneiforms 
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Insertion: Tuberosity of the navicular bone and by fibrous 
expansions to the sustentaculum tali, three cuneiforms, 
cuboid, and bases of the second through fourth metatarsal 
bones. 


Action: Inverts the foot, and assists in plantar flexion of 
the ankle joint. 





Patient: Supine, with the extremity in lateral rotation. 


Fixation: The examiner supports the leg, above the an- 
kle joint. 

Test: Inversion of the foot, with plantar flexion of the 
ankle joint. 

Pressure: Against the medial side and plantar surface of 


the foot, in the direction of dorsiflexion of the ankle 
joint and eversion of the foot. 


Note: /f the flexor hall mis longus and flexor dig- 
| itorum longus are being substituted for the tibialis 
posterior, the toes will be strongly flexed as pres- 
sure is applied. 


Weakness: Decreases the ability to invert the foot and 
plantar flex the ankle joint. Results in pronation of the 
foot and decreased support of the longitudinal arch. In- 
terferes with the ability to rise on the toes, and inclines 
toward what is commonly called a gastrocnemius limp. 


Contracture: In nonweight bearing, equinovarus posi- 
tion; in weight bearing, a supinated position of the heel 
with forefoot varus. 


Medical portal MedWedi.ru 





PERONEUS LONGUS AND BREVIS 





PERONEUS LONGUS 


Origin: Lateral condyle of the tibia, head and proximal 
*/3 of the lateral surface of the fibula, intermuscular septa 
and adjacent deep fascia. 


Insertion: Lateral side of the base of the first metatarsal 
and of the medial cuneiform bone. 


Action: Everts the foot, assists in plantar flexion of the 
ankle joint and depresses the head of the first metatarsal. 


Nerve: Superficial peroneal, L4, 5, SI. 


| 
Peroneus longus 





PERONEUS BREVIS 


Origin: Distal ‘h of the lateral surface of the fibula and 
adjacent intermuscular septa. 


Insertion: Tuberosity at the base of the fifth metatarsal 
bone, lateral side. 


Action: Everts the foot, and assists in plantar flexion of 
the ankle. 


Nerve: Superficial peroneal, LA, 5, SI. 





Patient: Supine, with the extremity medially rotated, or 
side-lying (on the opposite side). 


Fixation: The examiner supports the leg, above the an- 
kle joint. 
Test: Eversion of the foot, with plantar flexion of the an- 
Kle joint. 


Pressure: Against the lateral border and sole of the foot, 
in the direction of inversion of the foot and dorsiflexion 
of the ankle joint. 


Weakness: Decreases the strength of eversion of the 
foot and plantar flexion of the ankle joint. Allows a varus 
position of the foot, and lessens the ability to rise on the 
toes. Lateral stability of the ankle is decreased. 


Contracture: Results in an everted or valgus position of 
the foot. 
Note: In weight bearing, with a strong pull on its 
insertion at the base of the first metatarsal, the per- 
one us longus causes the head of the first metatarsal 


to be pressed downward, into the supporting surface. 








ANKLE PLANTAR FLEXORS 





Patient: Prone, with the knee extended and the foot pro- 
jecting over the end of the table. 


Fixation: The weight of the extremity, resting on a firm 
table, should be sufficient fixation of the part. 


Test: Plantar flexion of the foot, with emphasis on 
pulling the heel upward more than pushing the forefoot 
downward. This test does not attempt to isolate action of 
the gastrocnemius from that of the other plantar flexors, 
but the presence or absence of a gastrocnemius can be 
determined by careful observation during the test. 


Pressure: For maximum pressure in this position, apply 
pressure against the forefoot as well as against the cal- 
caneus. If the muscle is very weak, pressure against the 
calcaneus is sufficient. 

The gastrocnemius usually can be seen and always 
can be palpated if it is contracting during the plantar 
flexion test. Movements of the toes and forefoot should 
be observed carefully during the test to detect substitu- 
tions. The patient may be able to flex the anterior part 
of the foot by the toe flexors, tibialis posterior, and per- 
oneus longus without a direct upward pull on the heel by 
the tendo calcaneus. If the gastrocnemius and soleus are 
weak, the heel will be pushed up secondary to flexion of 
the anterior part of the foot rather than pulled up simul- 
taneously with the flexion of the forepart of the foot. If 
pressure is applied to the heel rather than to the ball of 
the foot, it is possible to isolate, at least partially, the 
combined action of the gastrocnemius and soleus from 


that of the other plantar flexors. Movement of the foot 
toward eversion or inversion will show imbalance in the 
opposing lateral and medial muscles and, if pronounced, 
will show an attempt to substitute the peroneals or tib- 
ialis posterior for the gastrocnemius and soleus. 

Action of the gastrocnemius often can be 
strated in the knee flexion test when the hamstrings are 
weak. In the prone position, with the knees fully ex- 
tended, the patient is asked to bend the knee against re- 
sistance. If the gastrocnemius is strong, plantar flexion 
at the ankle will occur as the gastrocnemius acts to rni- 
tiate knee flexion, followed by ankle dorsiflexion as the 


knee flexes. 


emon- 





Weakness: Permits a calcaneus position of the foot if 
the gastrocnemius and soleus are weak. In standing, re- 
sults in hyperextension of the knee and inability to rise 
on the toes. In walking, the inability to transfer weight 


normally results in a "gastrocnemius limp." 


Contracture: Equinus position of the foot, and flexion 
of the knee. 


Shortness: Restriction of dorsiflexion of the ankle when 
the knee is extended, and restriction of knee extension 
when the ankle is dorsiflexed. During the stance phase 
of walking, shortness limits the normal dorsiflexion of 
the ankle joint, and the subject toes out during the trans- 
fer of weight from heel to forefoot. 





SOLEUS 


Origin: Postenor surfaces of the head of the fibula and 
proximal 7t of its body, soleal line and middle 73 of the 
medial border of the tibia, and tendinous arch between 
the tibia and fibula. 


Insertion: With the tendon of the gastrocnemius, into 
the posterior surface of the calcaneus. 


Action: Plantar flexes the ankle joint. 
Nerve: Tibial, L5, SI, 2. 
Patient: Prone, with the knee flexed at least 90°. 


Fixation: The examiner supports the leg, proximal to 
the ankle. 


Test: Plantar flexion of the ankle joint, without inversion 
or eversión of the foot. 


Pressure: Against the calcaneus (as illustrated), pulling 
the heel in a caudal direction (i.e., in the direction of 
dorsiflexing the ankle). When weakness is marked, the 
patient may not be able to hold against pressure at the 
heel. When weakness is not marked, more leverage is 
necessary and is obtained by applying pressure simulta- 
neously against the sole of the foot. (See p. 413.) 
Note: Inversion of the foot shows substitution by 
the tibialis posterior and toe flexors. Eversion shows 
substitution by the peroneals. Extension of the knee 
is evidence of attempting to assist with the gastroc- 
nemius. That is, the gastrocnemius is at a disad- 
vantage with the knee flexed 90? or more, and to 
bring it into a stronger action, the patient will at- 
tempt to extend the knee. 
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Weakness: Permits a calcaneus position of the foot, and 
predisposes to a cavus. Results in inability to rise on the 
toes. In standing, the insertion of the soleus muscle on 
the calcaneus becomes the fixed point for action of this 
muscle in maintaining normal alignment of the leg“ 
relation to the foot. The deviation that results from weak- 
ness of the soleus may appear as a slight knee flexion 
fault in posture, but it more often results in an anteno 
displacement of the body weight from the normal plumb 
line distribution, as seen when the plumb line is hung 
slightly anterior to the outer malleolus. 

A nonparalytic type of weakness may result from 

sudden trauma to the muscle, as in landing from a jump 
in a position of ankle dorsiflexion and knee flexion, or 
from gradual trauma, as in repeated deep knee bending 
in which the ankle is fully dorsiflexed. The gastrocne- 
mius escapes the stretch because of the knee flexion- 
Contracture: Equinus position of the foot, both m 
weight bearing and in nonweight bearing. 
Shortness: A tendency toward hyperextension of the 
knee in the standing position. When walking barefoot, 
the shortness is compensated for by toeing out, thereby 
transferring the weight from posterolateral heel to the 
anteromedial forefoot. In shoes with heels, the shortness 
may go unnoticed. 


Note: This test is important in the examination oj 
cases with deviation of the body forward from 9 
plumb line. It is also advisable to test this must d 


in cases with an increase in height of the longM' 
dinal arch. 
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Gastrocnemius -y 


Post. sup. view 


GASTROCNEMIUS 


Origin of Medial Head: Proximal and posterior part of 
the medial condyle and adjacent part of the femur, cap- 
sule of the knee joint. 


Origin of Lateral Head: Lateral condyle and posterior 
surface of the femur, capsule of the knee joint. 


Insertion: Middle part of the posterior surface of the 
calcaneus. 


Nerve: Tibial, SI, 2. 


PLANTARIS 


Origin: Distal part of the lateral supracondylar line of 
the femur, adjacent part of its popliteal surface and 
oblique popliteal ligament of knee joint. 


Insertion: Posterior part of the calcaneus. 
Nerve: Tibial, L4, 5, SI, (2). 


Action: The gastrocnemius and the plantaris plantar 
flex the ankle joint and assist in flexion of the knee 
joint. 


GASTROCNEMIUS AND PLANTARIS 





ANKLE PLANTAR FLEXORS 


Patient: Standing. (Patients may steady themselves with 
a hand on the table, but they should not take any weight 
on the hand.) 


Test Movement: Rising on toes, pushing the body 
weight directly upward. 


Resistance: Body weight. 





Note: Inclining the body forward and flexing the 
knee is evidence of weakness. The patient dorsi- 
flexes the ankle joint, attempting to clear the heel 
from the floor by tension of the plantar flexors, as 
the body weight is thrown forward. 


Shortness: Shortness of the gastrocnemius and soleus 
muscles tends to develop among women who constantly 
wear high-heeled shoes. 


Muscles that Act in Plantar Flexion: 


Soleus Ankle joint plantar 
Gastrocnemius flexors (tendo 
Plantaris calcaneus group) 


Tibialis posterior 
Peroneus longus 
Peroneus brevis 


Forefoot and ankle 
joint plantar flexors 


1 
Flexor hallucis longus ] Toe, forefoot, and ankle 
Flexor digitorum longus J joint plantar flexors 
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POPLITEUS 


Starting position, left leg. 


uu, ) 


Lat. view 





Post, view i 


POPLITEUS 


Origin: Anterior part of the groove on the lateral condyle 
of the femur and oblique popliteal ligament of the knee 
joint 

Insertion: Triangular area proximal to the soleal line on 


the posterior surface of the tibia and fascia covering the 
muscle. 


Action: In nonweight bearing (i.e., with the origin fixed), 
the popliteus medially rotates the tibia on the femur and 
flexes the knee joint. In weight bearing (i.e., with the in- 
sertion fixed), it laterally rotates the femur on the tibia 
and flexes the knee joint. This muscle helps to reinforce 
the posterior ligaments of the knee joint. 


Nerve: Tibial, LA, 5, SI. 











Completed test position, left leg 


Patient: Sitting, with the knee flexed at a right angle 
and with leg in lateral rotation of tibia on femur. 


Fixation: None necessary. 
Test Movement: Medial rotation of the tibia on the femur. 


Resistance: Seldom is resistance or pressure applied, 
because the movement is not used as a test for the pur- 
pose of grading the popliteus but, rather, merely to indi- 
cate whether the muscle is active. 


Weakness: May result in hyperextension of the knee 
and lateral rotation of the leg on the thigh. Weakness 
is usually found in instances of imbalance between the 
lateral and medial hamstrings in which the medial 
hamstrings are weak and the lateral hamstrings are 
strong. 


Shortness: Results in slight flexion of the knee and me- 
dial rotation of the leg on the thigh. 


Cent 
Vet 











HAMSTRINGS AND GRACILIS 





Weakness: Evidence of slight weakness of either the 
medial or lateral hamstrings is based on the subject's in- 
ability to maintain the rotation when asked to hold the 
test position. Weakness of both the medial and lateral 
hamstrings permits hyperextension of the knee. When 
this weakness is bilateral, the pelvis may tilt anteriorly, 
and the lumbar spine may assume a lordotic position. 
When this weakness is unilateral, a pelvic rotation may 
result. Weakness of the lateral hamstrings causes a ten- 
dency toward loss of lateral stability of the knee, allow- 
ing a thrust in the direction of a bowleg position in 
weight bearing. Weakness of the medial hamstrings de- 
creases the medial stability of the knee joint and permits 
a knock-knee position, with a tendency toward lateral 
rotation of the leg on the femur. 


Contracture: Contracture of both the medial and lateral 
hamstrings results in a position of knee flexion, and, if 
the contracture is extreme, it will be accompanied by a 
posterior tilting of the pelvis and a flattening of the lum- 
bar spine. 


Shortness: Restriction of knee extension when the hip 
is flexed, or restriction of hip flexion when the knee is 
extended. Shortness of the hamstrings does not cause a 
posterior pelvic tilt, but a posterior pelvic tilt and a flat- 
tening of the lumbar spine often are seen in subjects 


with hamstring shortness. 


Note: Ordinarily, the hip flexors act to safeguard 
the hamstrings during knee flexion. Do not expect 
the subject to hold full knee flexion or to hold 
against the same amount of pressure with the hip 
extended in the prone position that could be resis- 
ted with a hip flexed in sitting. The frequent occur- 
rence of muscle cramping during the hamstring test 
results from the muscle being in too short a posi- 
tion and attempting to hold against strong pressure. 
To test the hamstrings in full knee flexion, the hip 
must be flexed to take up some of the slack How- 
ever, there will be assistance from the sartorius in 
both hip and knee flexion when the hamstrings are 
tested with the hip flexed. 

Weakness of the popliteus and gastrocnemius 
may interfere with initiating knee flexion. Substitu- 
tion of sartorius action will appear in the form of 
| hip flexion as the knee flexion is initiated. A short 
| rectus femoris, limiting the range of motion of knee 
| flexion, will cause hip flexion as the motion of knee 
| flexion is completed. (Hip flexion in the prone po- 

sition is seen as an anterior tilt of the pelvis with 

lumbar spine hyperextension.) Assistance from the 

gastrocnemius in flexing the knee will be seen as an 
| effort to dorsiflex the ankle, elongating the gas- 

trocnemius over the ankle to make it more effective 
| in knee flexion. 








Action of the gracilis as a knee flexor is illustrated. The muscle is brought 
into action by the test position and pressure as used for the medial ham- 

strings. The gracilis has its origin on the pubis, and the medial hamstrings 
arise from the ischium. 
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MEDIAL HAMSTRINGS: SEMITENDINOSUS 
AND SEMIMEMBRANOSUS 


Semitendinosus 


Semimembranosus 





Rt. extremity, posterolateral view 


SEMITENDINOSUS 


Origin: Tuberosity of the ischium by the tendon com- 
mon with the long head of the biceps femoris. 


Insertion: Proximal part of the medial surface of the 
body of the tibia and deep fascia of the leg. 


Action: Flexes and medially rotates the knee joint. Ex- 
tends and assists in medial rotation of the hip joint. 


Nerve: Sciatic (tibial branch), LA, 5, SI, 2. 





Patient: Prone. 


Fixation: The examiner should hold the thigh down 
firmly on the table. (To avoid covering the muscle belly 
of the medial hamstrings, fixation is not illustrated.) 





U. extremity, medial view 







Ne. fen 


ll 


SEMIMEMBRANOSUS 


Origin: Tuberosity of the ischium, proximal and lateral 
to the biceps femoris and the semitendinosus. 


Insertion: Posteromedial aspect of the medial condyle 
of the tibia. 


Action: Flexes and medially rotates the knee joint. E x - 
tends and assists in medial rotation of the hip joint. 


Nerve: Sciatic (tibial branch), L4, 5, SI, 2. 


Test: Flexion of the knee between 50° and 70°, with the 
thigh in medial rotation and the leg medially rotated on 
the thigh. 


Pressure: Against the leg, proximal to the ankle, in the 
direction of knee extension. Do not apply pressure 
against the rotation component. 








А 


BICEPS FEMORIS 


Origin of Long Head: Distal part of the sacrotuberous lig- 
ament and posterior part of the tuberosity of the ischium. 


Ori^n of Short Head: Lateral lip of the linea aspera, 
proximal ‘h of the supracondylar line, and lateral inter- 
muscular septum. 


Insertion: Lateral side of the head of the fibula, lateral 
condyle of the tibia, deep fascia on the lateral side of 
the leg. 


Patient: Prone. 


Fixation: The examiner should hold the thigh firmly 
down on the table. (Not illustrated to avoid covering the 
muscles.) 


LATERAL HAMSTRINGS: 
BICEPS FEMORIS 


Sacrotuberous 





Action: The long and short heads of the biceps femoris 
flex and laterally rotate the knee joint. In addition, the 
long head extends and assists in lateral rotation of the 
hip joint. 

Nerve to Long Head: Sciatic (tibial branch), L5, SI, 
2 3. 


Nerve to Short Head: Sciatic (peroneal branch), L5, 
SI, 2. 





Test: Flexion of the knee between 50° and 70°, with the 
thigh in slight lateral rotation and the leg in slight lateral 
rotation on the thigh. 


Pressure: Against the leg, proximal to the ankle, in the 
direction of knee extension. Do not apply pressure 
against the rotation component. 








QUADRICEPS FEMORIS 


QUADRICEPS FEMORIS 

Origin of Rectus Femoris 

Straight head: From anteroinferior iliac spine. 
Reflected head: From groove above rim of acetabulum. 


Origin of Vastus Lateralis: Proximal part of in- 
tertrochanteric line, anterior and inferior borders of greater 
trochanter, lateral lip of the gluteal tuberosity, proximal 
half of lateral lip of linea aspera. and lateral intermuscu- 
lar septum. 


Origin of Vastus Intermedius: Anterior and lateral sur- 
faces of the proximal 2/3 of the body of the femur, distal 
half of the linea aspera, and lateral intermuscular septum. 


Origin of Vastus Medialis: Distal half of the in- 
tertrochanteric line, medial lip of the linea aspera, prox- 
imal part of the medial supracondylar line, tendons of 
the adductor longus and adductor magnus and medial 
intermuscular septum. 








Cut tendon of 
Rectus fern. 


Cut tendon of | 
Rectus femoris- 


Insertion: Proximal border of the patella and through 
the patellar ligament to the tuberosity ofthe tibia. 


Action: The quadriceps extends the knee joint, and the 
rectus femoris portion flexes the hip joint. 


Nerve: Femoral, L2, 3, 4. 
The articularis genus is a small muscle that may 


be blended with the vastus intermedius but is usually 
distinct from it. (Not shown in drawing.) 


Origin: Anterior surface ofthe distal part of the body of 
the femur. 


Insertion: Proximal part of the synovial membrane of 
the knee joint. 


Action: Draws the articular capsule proximally. 


Nerve: Branch of the nerve to the vastus intermedius. 
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Patient: Sitting, with the knees over the side of the table 
and holding on to the table. 


Fixation: The examiner may hold the thigh firmly down 
on the table. Alternatively, because the weight of the 
trunk is usually sufficient to stabilize the patient during 
this test, the examiner may put a hand under the distal 
end of the thigh to cushion that part against table pres- 
sure. 


Test: Full extension of the knee joint, without rotation 
of the thigh. 


Pressure: Against the leg, above the ankle, in the direc- 
tion of flexion. 
— 
Note: Inclining the body backward may be evi- 
dence ofan attempt to release hamstring tension 
when those muscles are contracted. When the ten- 
| sor fasciae latae is being substituted for the quadri- 
| ceps, it medially rotates the thigh and exerts a 
| stronger pull if the hip is extended. Ifthe rectus 
| femoris is the strongest part of the quadriceps, the 
| patient will lean backward to extend the hip, thereby 
| obtaining maximum action of the rectus femoris. 


QUADRICEPS FEMORIS 





Weakness: Interferes with stair climbing, walking up 
an incline, and getting up and down from a sitting po- 
sition. The weakness results in knee hyperextension, 
not in the sense that such weakness permits a posterior 
knee position but, rather, that walking with a weak 
quadriceps requires the patient to lock the knee joint by 
slight hyperextension. Continuous thrust in the direc- 
tion of hyperextension in growing children may result 
in a very marked deformity. 


Contracture: Knee extension. 


Shortness: Restriction of knee flexion. Shortness of the 
rectus femoris part of the quadriceps results in restric- 
tion of knee flexion when the hip is extended or restric- 
tion of hip extension when the knee is flexed. (See test, 
pp. 378, 379.) 
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HIP FLEXORS 


A 


Patient: Sitting upright, with the knees bent over the 
side of the table. Hold on to the table to prevent lean- 
ing backward to obtain assistance by two-joint hip 
flexors. 


Fixation: The weight of the trunk may be sufficient to 
stabilize the patient during this test, but holding on to the 
table gives added stability. Ifthe trunk is weak, place the 
patient in the supine position during the test. 


Test for Hip Flexors as a Group: (Figure A) Hip flex- 
ion with the knee flexed, raising the thigh a few inches 
from the table. 


Pressure: Against the anterior thigh, in the direction of 
extension. 


Test for Iliopsoas: (Figure B) Full hip flexion with the 
knee flexed. This test emphasizes the one-joint hip flexor 
by requiring completion of the arc of motion. The grade 
is based on the ability to hold the completed position. 
With weakness of the iliopsoas, the fully flexed position 
cannot be held against resistance, but as the thigh drops 
to the position assumed in the group test, the strength 
may grade normal. This test is used to confirm the find- 
ings of the supine test, which is described on the facing 
page. 


Pressure: One hand against the anterior shoulder area 
gives counterpressure, and the other applies pressure 
against the thigh, in the direction of hip extension. 





B 





Note: Lateral rotation with abduction of the thigh 
as pressure is applied generally is evidence of sar- 
torius strength or of a tensor fasciae latae that is 
too weak to counteract the pull of the sartorius. 
Medial rotation of the thigh shows the tensor fas- 
ciae latae as stronger than the sartorius. If adduc- 
tors are primarily responsible for the flexion, the 
thigh will be adducted as it is flexed. If the anterior 
abdominals do not fix the pelvis to the trunk, the 
pelvis will tilt anteriorly to flex on the thighs, and 
the hip flexors may hold against strong pressure, 
but not at maximum height. 


Weakness: Decreases the ability to flex the hip joint, 
and results in marked disability in stair climbing or walk- 
ing up an incline, getting up from a reclining position, 
and bringing the trunk forward in the sitting position 
preliminary to rising from a chair. With marked weak- 
ness, walking is difficult, because the leg must be brought 
forward by pelvic motion (produced by anterior or lat- 
eral abdominal muscle action) rather than by hip flexion. 
The effect of hip flexor weakness on posture is shown 
on pages 68, 72. 


Contracture: Bilaterally, hip flexion deformity with in- 
creased lumbar lordosis. (See p. 223, Figure A.) Unilat- 
erally, hip position of flexion, abduction, and lateral ro- 
tation. 


Shortness: In the standing position, shortness of the hip 
flexors is seen as a lumbar lordosis with an anterior 
pelvic tilt. 
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Psoas 
major 


Psoas 
minor 


PSOAS MAJOR 


Origin: Ventral surfaces of the transverse processes of 
all lumbar vertebrae, sides of the bodies and correspon- 
ding intervertebral disks of the last thoracic and all lum- 
bar vertebrae, and the membranous arches that extend 
over the sides of the bodies of the lumbar vertebrae. 


Insertion: Lesser trochanter of the femur. 


Nerve: Lumbar plexus, LI. 2, 3, 4. 


ILIACUS 


Origin: Superior of the iliac fossa, internal lip of the 
iliac crest, iliolumbar and ventral sacroiliac ligaments, 
and ala of the sacrum. 


Insertion: Lateral side of the tendon of the psoas major 
and just distal to the lesser trochanter. 


Nerve: Femoral, L(1), 2, 3, 4. 


ILIOPSOAS 


Action: With the origin fixed, flexes the hip joint by flex- 
ing the femur on the trunk, as in supine alternate-leg rais- 
ing, and may assist in lateral rotation and abduction of the 
hip joint. With the insertion fixed and acting bilaterally, 
flexes the hip joint by flexing the bunk on the femur, as 
in a sit-up from the supine position. The psoas major, act- 
ing bilaterally with the insertion fixed, will increase the 
lumbar lordosis; when acting unilaterally, it will assist in 
lateral flexion of the trunk toward the same side. 





ILIOPSOAS AND PSOAS MINOR 





ILIOPSOAS (WITH EMPHASIS ON 
PSOAS MAJOR) 


Patient: Supine. 


Fixation: The examiner stabilizes the opposite iliac 
crest. The quadriceps stabilize the knee in extension. 


Test: Hip flexion in a position of slight abduction and 
slight lateral rotation. The muscle is not seen in the pho- 
tograph above because it lies deep beneath the sartorius, 
the femoral nerve, and the blood vessels contained in the 
femoral sheath. 


Pressure: Against the anteromedial aspect of the leg, in 
the direction of extension and slight abduction, directly 
opposite the line of pull of the psoas major from the ori- 
gin of the lumbar spine to the insertion on the lesser 
trochanter of the femur. 


Weakness and Contracture: See the discussion of hip 
flexors on facing page. Weakness tends to be bilateral in 
cases of lumbar kyphosis and sway-back posture and 
unilateral in cases of lumbar scoliosis. 


PSOAS MINOR 


This muscle is not a lower extremity muscle, because it 
does not cross the hip joint It is relatively unimportant 
and not always present. 


Origin: Sides of the bodies of the 12th thoracic and first 
lumbar vertebrae and from the intervertebral disk be- 
tween them. 


Insertion: Iliopectineal eminence, arcuate line of the il- 
ium, and iliac fascia. 


Action: Flexion of pelvis on lumbar spine, and vice versa. 


Nerve: Lumbar plexus, LI, 2. 
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SARTORIUS 


——À8 


SARTORIUS 


Origin: Anterosuperior iliac spine and superior half of 
the notch just distal to the spine. 


Insertion: Proximal part of the medial surface of the 
tibia near the anterior border. 


Action: Flexes, laterally rotates, and abducts the hip 
joint. Flexes and assists in medial rotation of the knee 
joint 


Nerve: Femoral, L2, 3, (4). 








Patient: Supine. 


Fixation: None necessary by the examiner. The patient 
may hold on to the table. 


Test: Lateral rotation, abduction, and flexion of the 
thigh, with flexion of the knee. 


Pressure: Against the anterolateral surface of the lower 
thigh, in the direction of hip extension, adduction, and 
medial rotation, and against the leg, in the direction of 
knee extension. The examiner's hands are in a position 
to resist the lateral rotation of the hip joint by pressure 
and counterpressure (as described for the hip lateral ro- 
tator test, p. 431). 


Weakness: Decreases the strength of hip flexion, ab- 
duction and lateral rotation. Contributes to anteromedial 
instability of the knee joint. 


Contracture: Flexion, abduction and lateral rotation 
deformity of the hip, with flexion of the knee. 


ERROR IN TESTING SARTORIUS 


The position of the leg, as illustrated in the accompany- 
ing photograph, resembles the sartorius test position in 
its flexion, abduction, and lateral rotation. The ability to 
hold this position is essentially a function of the hip ad- 
ductors, however, and requires little assistance from the 
sartorius. 
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TENSOR FASCIAE LATAE 


Origin: Anterior part of the external lip of the iliac crest, 
outer surface of the anterosuperior iliac spine and deep 
surface of the fascia lata. 


Insertion: Into the iliotibial tract of the fascia lata at the 
junction of the proximal and middle thirds of the thigh. 


Action: Flexes, medially rotates, and abducts the hip 
joint. Tenses the fascia lata. May assist in knee exten- 
sion. (See p. 437.) 


Nerve: Superior gluteal, L4, 5, SI. 


Shortness: The effect of shortness of the tensor fasciae 
latae in standing depends on whether the tightness is 
bilateral or unilateral. If bilateral, there is an anterior 
pelvic tilt and, sometimes, bilateral knock-knees. If 
unilateral, the abductors of the hip and fascia lata are 
tight, along with the tensor fasciae latae, and there is 
an associated lateral pelvic tilt, low on the side of tight- 
ness. The knee on that side will tend toward a knock- 
knee position. If the tensor fasciae latae and other hip 
flexor muscles are tight, there is an anterior pelvic tilt 
and a medial rotation of the femur, as indicated by the 
position of the patella. 
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TENSOR FASCIAE LATAE 


4 





Patient: Supine. 


Fixation: The patient may hold on to the table. Quadri- 
ceps action is necessary to hold the knee extended. Usu- 
ally, no fixation is necessary by the examiner, but if 
there is instability and the patient has difficulty in main- 
taining the pelvis firmly on the table, one of the exam- 
iner's hands should support the pelvis anteriorly, on the 
opposite side. 


Test: Abduction, flexion, and medial rotation of the hip, 
with the knee extended. 


Pressure: Against the leg, in the direction of extension 
and adduction. Do not apply pressure against the rota- 
tion component. 


Weakness: Moderate weakness is evident immediately 
by failure to maintain the medially rotated test position. 
In standing, there is a thrust in the direction of a bowleg 
position, and the extremity tends to rotate laterally from 
the hip. 

Contracture: Hip flexion and knock-knee position. In a 


supine or standing position, the pelvis will be anteriorly 
tilted if the legs are brought into adduction. 





ru 





HIP ADDUCTORS 





* Add. longus 


Pectineus 
м 


Stippled lines in the figures above indicate muscle attach- 
ments located on the posterior surface of the femur. 


PECTINEUS 


Origin: Surface of the superior ramus of the pubis, ven- 
tral to the pecten, between the iliopectineal eminence 
and the pubic tubercle. 


Insertion: Pectineal line of the femur. 


Nerve: Femoral and Obturator, L2, 3, 4. 


ADDUCTOR MAGNUS 


Origin: Inferior pubis ramus, ramus of the ischium (an- 
terior fibers), and ischial tuberosity (posterior fibers). 


Insertion: Medial to the gluteal tuberosity, middle of 
the linea aspera, medial supracondylar line, and adduc- 
tor tubercle of the medial condyle of the femur. 


Nerve: Obturator, L2, 3, 4, and Sciatic, L4, 5, SI. 


GRACILIS 


Origin: Inferior half of the symphysis pubis and medial 
margin of the inferior ramus of the pubic bone. 


Insertion: Medial surface of the body of the tibia, dis- 
tal to the condyle, proximal to the insertion of the semi- 
tendinosus, and lateral to the insertion of the sartorius. 


Nerve: Obturator, L2, 3, 4. 


Gracilis 










—_— - Semitendinosus 
BS Sartorius 


T 


Add. longus 


— Add. longus 
A. „Gracilis 
/ 
1 Pectineus —7 | X Add. brevis 
& j Add. 


= m 4 


Е: magnus 


<> 


ADDUCTOR BREVIS 
Origin: Outer surface of the inferior ramus of the pubis. 


Insertion: Distal 7t of the pectineal line and proximal 
half of the medial lip of the linea aspera. 


Nerve: Obturator, L2, 3, 4. 


ADDUCTOR LONGUS 


Origin: Anterior surface of the pubis at the junction of 
the crest and the symphysis. 


Insertion: Middle 7? of the medial lip of the linea 
aspera. 


Nerve: Obturator, L2, 3, 4. 


HIP ADDUCTORS 


Action: All the muscles cited on this page adduct the 
hip joint. In addition, the pectineus, adductor brevis and 
adductor longus flex the hip joint. The anterior fibers of 
the adductor magnus, which arise from the rami of the 
pubis and the ischium, may assist in flexion, whereas the 
posterior fibers that arise from the ischial tuberosity may 
assist in extension. The gracilis, in addition to adducting 
the hip joint, flexes and medially rotates the knee joint. 
(See p. 428 for discussion of rotation action on the hip 
joint.) 
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Patient: Lying on the right side to test the right (and 
vice versa), with the body in a straight line and the lower 
extremities and lumbar spine straight. 


Fixation: The examiner holds the upper leg in abduction. 
The patient should hold on to the table for stability. 


Test: Adduction of the underneath extremity upward 
from the table, without rotation, flexion, or extension of 
the hip or tilting of the pelvis. 


Pressure: Against the medial aspect of the distal end of 

the thigh, in the direction of abduction (i.e., downward 

toward the table). Pressure is applied at a point above the 

knee to avoid strain of the tibial collateral ligament. 
Note: Forward rotation of the pelvis with exten- 
sion of the hip joint shows an attempt to hold with 
the lower fibers of the gluteus maximus. Anterior 
tilting of the pelvis, or flexion of the hip joint (with 
backward rotation of the pelvis on upper side), al- 
lows substitution by the hip flexors. 


HIP ADDUCTORS 





The adductor longus, adductor brevis, and 
pectineus aid in hip flexion. If the side-lying posi- 
tion is maintained and the hip tends to flex as the 
thigh is adducted during the test, it is not neces- 
sarily evidence of substitution but, rather, is merely 
evidence that the adductors that flex the hip are do- 
ing more than the rest of the adductors that assist 
in this movement. Alternatively, it may be evidence 
that hip extensors are not helping to maintain the 
thigh in a neutral position. 


Contracture: Hip adduction deformity. In standing, the 
position is one of lateral pelvic tilt, with the pelvis so 
high on the side of contracture that it becomes necessary 
to plantar flex the foot on the same side, holding it in 
equinus so the toes can touch the floor. As an alterna- 
tive, if the foot is placed flat on the floor, the opposite 
extremity must be either flexed at the hip and knee or 
abducted to compensate for the apparent shortness on 
the adducted side. 





MECHANICAL AXIS OF FEMUR AND 
ROTATION ACTION OF ADDUCTORS 
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The following discussion about the rotator action of the 
adductors is not an attempt to solve the controversy that 
appears to exist but, rather, to present some of the rea- 
sons why this controversy exists. 

For the accompanying illustration, it is important to 
note that in the anatomical position, from the anterior 
view, the femur extends obliquely, with the distal end 
being more medial than the proximal end. From the lat- 
eral view, the shaft of the femur is convexly curved, in 
an anterior direction. The anatomical axis of the femur 
extends longitudinally along the shaft. If rotation of the 
hip took place about this axis, there would be no doubt 
that the adductors, attached as they are posteriorly along 
the linea aspera, would be lateral rotators. 


Rotation of the hip joint, however, does not occur 
about the anatomical axis of the femur but, rather, about 
the mechanical axis, which passes from the center of the 
hip joint to the center of the knee joint and is at the 
intersection of the two planes represented by the solid 
black lines in the accompanying figure. 

The muscles or major portions of muscles that in- 
sert on the part of the femur that is anterior to the me- 
chanical axis will act as medial rotators of the femur. 
(See lateral view.) On the other hand, the muscles or ma- 
jor portions of muscles that insert on the part of the fe- 
mur posterior to the mechanical axis will act as lateral 
rotators. 

When the position of the extremity in relation to the 
pelvis changes from that illustrated as the anatomical 
position, the actions of the muscles also change. Thus, 
if the femur is medially rotated, a larger portion of the 
shaft comes to lie anterior to the mechanical axis, with 
the result that more of the adductor insertions will be an- 
terior to the axis and, therefore, will act as medial rota- 
tors. With increased lateral rotation, more of the adduc- 
tors will act as lateral rotators. 

Besides the change that occurs with movement, nor- 
mal variations also occur in the bone structure of the fe- 
mur that tend to make the rotator action of the adductors 
variable. 





The medial rotators of the hip joint consist of the tensor 
fasciae latae, gluteus minimus and gluteus medius (an- 
terior fibers). 


Patient: Sitting on a table, with the knees bent over the 
side and the subject holding on to the table. 


Fixation: The weight of the trunk stabilizes the patient 
during this test. Stabilization is also given in the form of 
counterpressure, as described below under Pressure. 


Test: Medial rotation of the thigh, with the leg in a po- 
sition of completion of the outward arc of motion. 


Pressure: With one hand, the examiner applies counter- 
pressure at the medial side of the lower end of the thigh. 
With the other hand, the examiner applies pressure to the 
lateral side of the leg, above the ankle, pushing the leg 
inward in an effort to rotate the thigh laterally. 


MEDIAL ROTATORS OF HIP JOINT 


Weakness: Results in lateral rotation of the lower ex- 
tremity in standing and walking. 


Contracture: Medial rotation of the hip, with in-toeing 
and a tendency toward knock-knee in weight bearing. 


Shortness: Inability to laterally rotate the thigh through 
the full range of motion, and inability to sit in a cross- 
legged position (i.e., tailor fashion). 


Note: Ifthe rotator test is done in a supine posi- 
tion, the pelvis will tend to tilt anteriorly if much 
pressure is applied, but this is not a substitution 
movement. Because of its attachments, the tensor 
fasciae latae, when contracting to maximum, pulls 
forward on the pelvis as it medially rotates the 
thigh. 
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LATERAL ROTATORS OF HIP JOINT 


Obturator N} 
internus 4) 






NS 
/ 
Quadratus 
femoris 





externus ^ 











Superior View At 


PIRIFORMIS 


Origin: Pelvic surface of the sacrum between (and lat- 
eral to) the first through fourth pelvic sacral foramina, 
margin of the greater sciatic foramen and pelvic surface 
of the sacrotuberous ligament. 


Insertion: Superior border of the greater trochanter of 
the femur. 


Nerve: Sacral plexus, L(5), SI, 2. 


QUADRATUS FEMORIS 


Origin: Proximal part of the lateral border of the tuberos- 
ity of the ischium. 


Insertion: Proximal part of the quadrate line, extending 
distally from the intertrochanteric crest. 


Nerve: Sacral plexus, L4, 5, SI, (2). 


OBTURATOR INTERNUS 


Origin: Internal or pelvic surface of the obturator mem- 
brane and margin of the obturator foramen, pelvic sur- 
face of the ischium posterior and proximal to the obtu- 
rator foramen, and to a slight extent, the obturator 
fascia. 


Insertion: Medial surface of the greater trochanter of 
the femur, proximal to the trochanteric fossa. 


Nerve: Sacral plexus, L5, SI. 2. 


Gemellus sup 


Obturator 
internus 


Obturator X 
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Obturator 


externus 
Piriformis 


OBTURATOR EXTERNUS 


Origin: Rami of the pubis and ischium, and extern" 
surface of the obturator membrane. 


Insertion: Trochanteric fossa of the femur. 


Nerve: Obturator, L3, 4. 


GEMELLUS SUPERIOR 
Origin: External surface of the spine of the ischium- 


Insertion: With the tendon of the obturator intemus, into 
the medial surface of the greater trochanter of the femur. 


Nerve: Sacral plexus, L5, SI, 2. 


GEMELLUS INFERIOR 
Origin: Proximal part of the tuberosity of the ischium- 


Insertion: With the tendon of the obturator intemus, into 
the medial surface of the greater trochanter of the femur. 


Nerve: Sacral plexus, L4, 5, SI, (2). 


LATERAL ROTATORS OF HIP JOINT 


All the muscles cited on this page laterally rotate the hip 
joint. In addition, the obturator externus may assist in 
adduction of the hip joint, and the piriformis, obturator 
intemus, and gemelli may assist in abduction when the 
hip is flexed. The piriformis may assist in extension. 





Patient: Sitting on a table, with the knees bent over the 
side and the subject holding on to the table. 


Fixation: The weight of the trunk stabilizes the patient 
during this test. Stabilization is also given in the form of 
counterpressure, as described below under Pressure. 


Test: Lateral rotation of the thigh, with the leg in a po- 
sition of completion of the inward arc of motion. 


Pressure: With one hand, the examiner applies counter- 
pressure at the lateral side of the lower end of the thigh. 
With the other hand, the examiner applies pressure to the 
medial side of the leg, above the ankle, pushing the leg 
outward in an effort to rotate the thigh medially. 





LATERAL ROTATORS OF HIP JOINT 





Weakness: Usually, medial rotation of the femur ac- 
companied by pronation of the foot and a tendency to- 
ward a knock-knee (or valgus) position. 


Contracture: Lateral rotation of the thigh, usually in an 
abducted position. 


Shortness: The range of medial rotation of the hip will 
be limited. (Frequently, excessive range of lateral mo- 
tion is noted.) In the standing posture, a lateral rotation 
of the femur and out-toeing are observed. 











GLUTEUS MINIMUS 


Origin: External surface of the ilium, between the ante- 
rior and inferior gluteal lines and margin of the greater 
sciatic notch. 


Insertion: Anterior border of the greater trochanter of 
the femur and hip joint capsule. 


Action: Abducts, medially rotates and may assist in 
flexion of the hip joint. 


Nerve: Superior gluteal, LA, 5, SI. 
Patient: Side-lying. 
Fixation: The examiner stabilizes the pelvis. (See Note.) 


Test: Abduction of the hip in a position neutral between 
flexion and extension and neutral in regard to rotation. 


Pressure: Against the leg, in the direction of adduction 
and very slight extension. 


Weakness: Lessens the strength of medial rotation and 
abduction of the hip joint. 


Contracture and Shortness: Abduction and medial ro- 
tation of the thigh. In standing, lateral pelvic tilt, low on 
the side of shortness, plus medial rotation of femur. 








Note: In tests of the gluteus minimus and medius, 
or of the abductors as a group, stabilization of the 
pelvis is necessary but often difficult. It requires a 
strong fixation by many trunk muscles, aided by 
stabilization on the part of the examiner. Flexion of 
the hip and knee of the underneath leg aids in sta- 
bilizing the pelvis against anterior or posterior tilt. 
The examiner's hand attempts to stabilize the pelvis 
to prevent the tendency to roll forward or back- 
ward, the tendency to tilt anteriorly or posteriorly, 
and if possible, any unnecessary hiking or dropping 
of the pelvis laterally. Any one of these six shifts in 
position of the pelvis may result primarily from 


| trunk weakness; alternatively, such shifts may indi- 


cate an attempt to substitute anterior or posterior 
hip joint muscles or lateral abdominals in the 
movement of leg abduction. When the trunk muscles 
are strong, it is not very difficult to maintain good 
stabilization of the pelvis, but when trunk muscles 
are weak, the examiner may need the assistance of 
a second person to hold the pelvis steady. 














Gluteal aponeurosis 


GLUTEUS MEDIUS 


Origin: External surface of the ilium, between the iliac 
crest and posterior gluteal line dorsally and the anterior 
gluteal line ventrally and gluteal aponeurosis. 


Insertion: Oblique ridge on the lateral surface of the 
greater trochanter of the femur. 


Action: Abducts the hip joint. The anterior fibers medially 
rotate and may assist in flexion of the hip joint; the poste- 
rior fibers laterally rotate and may assist in extension. 


Nerve: Superior gluteal, LA, 5, SI. 


Patient: Side-lying, with the underneath leg flexed at 
the hip and knee and the pelvis rotated slightly forward 
to place the posterior gluteus medius in an antigravity 
position. 


Fixation: The muscles of the trunk and the examiner 
stabilize the pelvis. (See Note on facing page.) 


Test (Emphasis on Posterior Portion): Abduction of 
the hip, with slight extension and slight external rota- 
tion. The knee is maintained in extension. Differentiat- 
ing the posterior gluteus medius is very important. Hip 
abductors, when tested as a group, may be normal in 
strength, even though a precise test of the gluteus medius 
may reveal appreciable weakness. 

When external rotation of the hip joint is limited, do 
not allow the pelvis to rotate backward to obtain the ap- 





| 


pearance of hip joint external rotation. With backward 
rotation of the pelvis, the tensor fasciae latae and gluteus 
minimus become active in abduction. Even though pres- 
sure may be applied properly, in the right direction, 
against the gluteus medius, the specificity of the test is 
greatly diminished. Weakness of the gluteus medius may 
become apparent immediately because of the subject's 
inability to hold the precise test position, the tendency 
for the muscle to cramp, or an attempt to rotate the pelvis 
backward to substitute with the tensor fasciae latae and 
the gluteus minimus. 





Pressure: Against the leg, near the ankle, in the direc- 
tion of adduction and slight flexion; do not apply pres- 
sure against the rotation component. The pressure is ap- 
plied against the leg for the purpose of obtaining a long 
lever. To determine normal strength, strong force is 
needed, and this force can be obtained by the examiner 
with the added advantage of a long lever. There is rela- 
tively little danger of injuring the lateral knee joint, be- 
cause it is reinforced by the strong iliotibial tract. (See 
p. 425.) 


Weakness: See the following two pages regarding weak- 
ness of the gluteus medius and abductors. 


Contracture and Shortness: An abduction deformity 
that, in standing, may be seen as a lateral pelvic tilt, low 
on the side of tightness, along with some abduction of 
the extremity. 
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GLUTEUS MEDIUS WEAKNESS 


Paralysis or Marked Weakness of Right Gluteus 
Medius: With paralysis or marked weakness of the glu- 
teus medius, a gluteus medius limp will occur in walk- 
ing. This consists of displacement of the trunk laterally, 
toward the side of weakness, shifting the center of grav- 
ity in such a way that the body can be balanced over the 
extremity with minimal muscular support at the hip 
joint. 
































Hip Joint Abduction: Actual abduction of the hip joint 
is accomplished by the hip abductors, with normal fixa- 
tion by the lateral trunk muscles, as shown in Figure A. 
When the hip abductors are weak, apparent abduction 
may occur by substitution action of the lateral trunk 
muscles. In this case, the leg drops into adduction, the 
pelvis is hiked up laterally, and the leg is raised upward 
from the table, as shown in Figure B. 





ABDUCTOR EXERCISES 


The normal range of hip joint abduction is approximately 
45° and that of adduction approximately 10°. When ab- 
ductors are too weak to raise the leg in abduction against 
gravity in a side-lying position, avoid exercises in that po- 
sition. A subject can learn to substitute by hiking the 
pelvis up laterally and bringing the leg into apparent ab- 
duction, but doing so actually stretches and strains the ab- 
ductors rather than shortening and strengthening them. 
Substitution also can take place in the supine position, but 
can be prevented and an appropriate exercise can be done. 


On a table or firm bed, the unaffected leg is moved 
in abduction to completion of the range of motion. This 
position will block any effort to hike the pelvis up on the 
affected side, thereby preventing substitution. Movement 
of the thigh in abduction will require true hip joint mo- 
tion—not just a sideways movement of the extremity. 
Whatever assistance is appropriate may be used: Manu- 
ally assist, or assist with some apparatus or adaptive 
measures, such as a smooth or powdered board or roller 
skate. 
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When body weight is supported, alternately, on one leg, 
such as in walking, the body must be stabilized on the 
weight-bearing leg during each step. By reverse action 
(ie., origin pulled toward the insertion), strong hip ab- 
ductors can stabilize the pelvis on the femur in hip joint 
abduction, as shown in Figure A. The lateral trunk flex- 
ors on the left also act by pulling upward on the pelvis. 

Figure B shows a position of hip joint adduction 
that results when hip abductors are too weak to stabilize 
the pelvis on the femur. The pelvis drops downward on 
the opposite side. Strong lateral trunk flexors on the left 
cannot raise the pelvis on that side, in standing, without 
the opposite abductors providing a counter-pull on the 
right. 

Figure B also illustrates the test used to elicit the 
Trendelenburg sign. Originally, this test was used in the 
diagnosis of a congenital dislocated hip. The Trendelen- 


TRENDELENBURG SIGN AND HIP 
ABDUCTOR WEAKNESS 





burg gait is one in which the affected hip goes into hip 
joint adduction during each weight-bearing phase of the 
gait. The femur rides upward, because the acetabulum is 
too shallow to support the head of the femur. If the prob- 
lem is bilateral, a waddling gait is observed. 

Figure C illustrates a relaxed postural position in 
an individual with mild weakness of the right hip ab- 
ductors. The gluteus medius is the chief abductor, and a 
test that emphasizes the posterior gluteus medius often 
demonstrates more weakness than the test for hip ab- 
ductors as a group. Often, this weakness of the gluteus 
medius is found in association with other weaknesses in 
the handedness patterns. (See pp. 74, 75.) 

Testing the strength of the gluteus medius is impor- 
tant in cases of pain in the region of this muscle or of 
low back pain associated with lateral pelvic tilt. 








GLUTEUS MAXIMUS 


$A. Sacrum 
Sacrotuberous >. 
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GLUTEUS MAXIMUS 


Origin: Posterior gluteal line ofthe ilium and portion of 
the bone superior and posterior to it, posterior surface of 
the lower part ofthe sacrum, side of the coccyx, aponeu- 
rosis of the erector spinae, sacrotuberous ligament and 
gluteal aponeurosis. 


Insertion: Larger proximal portion and superficial fibers 
of the distal portion of the muscle into the iliotibial tract 
of the fascia lata. Deep fibers of the distal portion into 
the gluteal tuberosity of the femur. 


Action: Extends and laterally rotates the hip joint Lower 
fibers assist in adduction of the hip joint; upper fibers as- 
sist in abduction. Through its insertion into the iliotibial 
tract, helps to stabilize the knee in extension. 


Nerve: Inferior gluteal, L5, SI, 2. 





Patient: Prone, with knee flexed 90? or more. (The more 
the knee is flexed, the less the hip will extend because 
of restricting tension of the rectus femoris anteriorly.) 


Fixation: Posteriorly, the back muscles; laterally, the 
lateral abdominal muscles; and anteriorly, the opposite 
hip flexors fix the pelvis to the trunk. 


Test: Hip extension, with the knee flexed. 


Pressure: Against the lower part of the posterior thigh, 
in the direction of hip flexion. 


Weakness: Bilateral marked weakness of the gluteus 
maximus makes walking extremely difficult and neces- 
sitates the aid of crutches. The individual bears weight 
on the extremity in a position of posterolateral displace- 
ment of the trunk over the femur. Raising the trunk from 
a forward-bent position requires action of the gluteus 
maximus, and in cases of weakness, patients must push 
themselves to an upright position using their arms. 


Note: // is important to test for strength of the 
gluteus maximus before testing strength of back ex- 
tensors (see pp. 181 and 182) and in cases ofCoc- 
cyalgia (see page 222). 
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MODIFIED TEST 


When the back extensor muscles are weak or the hip 
flexor muscles are tight, it is often necessary to modify 
the gluteus maximus test. The above figure shows the 
modified test. 


Patient: Trunk prone on the table, and legs hanging over 
the end of the table. 


Fixation: The patient usually needs to hold on to the 
table when pressure is applied. 


Test: Extension of the hip, either with the knee passively 
flexed by the examiner, as illustrated, or with the knee 
extended, permitting hamstring assistance. 


Pressure: This test presents a rather difficult problem 
regarding application of pressure. If the gluteus max- 
imus is to be isolated as much as possible from the ham- 
strings, it requires that knee flexion be maintained by the 
examiner; otherwise, the hamstrings will unavoidably 
act in maintaining the antigravity knee flexion. Trying to 
maintain knee flexion passively and applying pressure to 
the thigh makes it difficult to obtain an accurate test. 

If this test is used because of marked hip flexor 
tightness, it may be impractical to flex the knee, thereby 
increasing the rectus femoris tension over the hip joint. 





GLUTEUS MAXIMUS AND FASCIA LATA 





Gluteus \% | 
maximus | Tensor 
| fasciae 
ү. | latae 

| 
| Iliotibial 
| band 


The extensive deep fascia that covers the gluteal 
region and the thigh like a sleeve is called the fascia 
lata. It is attached proximally to the external lip of the 
iliac crest, sacrum and coccyx, sacrotuberous liga- 
ment, ischial tuberosity, ischiopubic rami and inguinal 
ligament. Distally, it is attached to the patella, tibial 
condyles and head of the fibula. The fascia on the me- 
dial aspect of the thigh is thin, whereas that on the lat- 
eral side is very dense—especially the portion between 
the tubercle of the iliac crest and the lateral condyle of 
the tibia, which is designated as the iliotibial band. On 
reaching the borders of the tensor fasciae latae and the 
gluteus maximus, the fascia lata divides and invests 
both the superficial and deep surfaces of these mus- 
cles. In addition, both the tensor fasciae latae and 'A 
of the gluteus maximus insert into the iliotibial band 
so that its distal extent serves as a conjoint tendon of 
these muscles. This structural arrangement permits 
both muscles to influence stability of the extended 
knee joint. 
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LEG-LENGTH MEASUREMENTS 





So-called "actual leg length" is a measurement of length 
from the anterosuperior spine of the ilium to the medial 
malleolus. Obviously, such a measurement is not an ab- 
solutely accurate determination of leg length, because 
the points of measurement are from a landmark on the 
pelvis to one on the leg. Because it is impossible to pal- 
pate a point on the femur under the anterosuperior spine, 
it is necessary to use the landmark of the pelvis. It be- 
comes necessary, therefore, to fix the alignment of the 
pelvis in relation to the trunk and legs before taking 
measurements to insure the same relationship of both 
extremities to the pelvis. Pelvic rotation or lateral tilt 
will change the relationship of the pelvis to the extrem- 
ities enough to make a considerable difference in meas- 
urement. To obtain as much accuracy as possible, the pa- 
tient lies supine on a table, with the trunk, pelvis, and 
legs in straight alignment and, in addition, the legs close 
together. The distance from the anterosuperior spine to 
the umbilicus is measured on the right and on the left to 
check against lateral pelvic tilt or rotation. If a differ- 
ence in measurements is found, the pelvis is leveled and 
any rotation corrected so far as possible before leg-length 
measurements are taken. 


"Apparent leg length" is a measurement from the 
umbilicus to the medial malleolus. This type of meas- 
urement is more often a source of confusion than an aid 
in determining differences of length for the purpose of 


applying a lift to correct pelvic tilt. The confusion arises 
because the picture in standing is the reverse of that in 
lying, and occurs when the pelvic tilt is caused by mus- 
cle imbalance rather than by an actual difference in leg 
length. 

In standing, a fault in alignment will result when a 
weak muscle fails to provide adequate support for weight 
bearing. For example, a weakness of the right gluteus 
medius allows the pelvis to deviate toward the right and 
also elevate on that side, giving the appearance of a 
longer right leg. If the postural fault has been of long 
standing, there is usually an associated imbalance in the 
lateral trunk muscles, in which the right laterals are 
shorter and stronger than the left. (See p. 74.) 

In lying, a fault in alignment will more often result 
from the pull of a strong muscle. In the supine position, 
an individual with the type of imbalance described above 
(i.e., a weak right gluteus medius and strong right later- 
als) will tend to lie with the pelvis higher on the right, 
pulled upward by the stronger lateral abdominal mus- 
cles. This position, in turn, draws the right leg up so that 
it appears to be shorter than the left. 

The need for an elevation on a shoe should be deter- 
mined by measurements in standing rather than the ly- 
ing position. Boards of various thicknesses (see p. 86) are 
used for this purpose. (See also apparent leg-length dis- 
crepancy caused by muscle imbalance, facing page.) 
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APPARENT LEG-LENGTH DISCREPANCY 
CAUSED BY MUSCLE IMBALANCE 





Without any actual difference in leg length, subjects 
have an appearance of a longer leg on the high side 
when the pelvis is tilted laterally. In the right photo- 
graph below, this appearance has been created by dis- 
placing the pelvis laterally. (The feet were anchored to 
the floor.) 

If tightness develops in the tensor fasciae latae and 
iliotibial band on one side, the pelvis will be tilted 
downward on that side. With gluteus medius weakness 
on one side, the pelvis will ride higher on the side of 


the weakness. 


Legs are equal in length. 
Pelvis is level. 


Both hip joints are neutral between 
adduction and abduction. 


Length of abductors is equal. 





The habit of standing with the weight mainly on one 
leg and the pelvis swayed sideways weakens the abductors, 
especially the gluteus medius on that side. If tightness of 
the tensor fasciae latae on one side and weakness of the 
gluteus medius on the other is mild, treatment may be as 
simple as breaking the habit and standing evenly on both 
feet. If the imbalance is more marked, treatment may in- 
volve stretching of the tight tensor fasciae latae and iliotib- 
ial band and use of a heel lift on the low side. The lift will 
help stretch the tight tensor and relieve strain on the oppo- 
site gluteus medius. (For a detailed discussion, see p. 398.) 


As the pelvis sways sideways, the pelvis is 
higher on the right. 

The right hip joint is adducted. 

The left hip joint is abducted. 

The right hip abductors are elongated. 


The left hip abductors and fascia lata are in 
a shortened position. 
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SECTION IV: PAINFUL CONDITIONS 





FOOT PROBLEMS 


The foot has two longitudinal arches that extend length- 
wise from the heel to the ball of the foot. The inner or 
medial longitudinal arch is made up of the calcaneus, as- 
tragalus, scaphoid, three cuneiform, and three medial 
metatarsal bones. The outer or lateral longitudinal arch 
is made up of the calcaneus, cuboid and two lateral 
metatarsal bones. The outer arch is lower than the inner 
arch, and it tends to be obliterated in weight bearing. 
Any references to *the longitudinal arch" will therefore 
mean the inner arch. 

There are two transverse metatarsal arches, one 
across the midsection and one across the ball of the foot. 
The posterior metatarsal arch is at the proximal end (or 
base) of the metatarsal bones. It is a structural arch with 
wedge-shaped bones at the apex of the arch. The ante- 
rior metatarsal arch is at the distal ends (or heads) of 
the metatarsals. 

Painful foot conditions may be roughly divided into 
three groups: 


1. Those dealing with longitudinal arch strain. 


2. Those dealing with metatarsal arch strain. 
3. Those dealing with faulty positions of the toes. 


The three types of painful conditions may exist in the 
same foot, but more often, one type predominates over 
the others. 

Examination of faulty and painful feet should in- 
clude the following steps: 


Examine the overall postural alignment for evi- 
dence of superimposed strain on the feet, such 
as occurs in cases of postural faults in which 
the body weight is borne too far forward over 
the balls of the feet (see p. 69). 


Check the alignment of the feet in standing, both 
with and without shoes. 


Observe the manner of walking, both with and 
without shoes. 

Test for muscle weakness or tightness of the toe 
and foot muscles. 

Check regarding unfavorable occupational influ- 
ences. 

Examine the shoes for overall fit (see p. 444), 
and check for places of wear on the sole and 
heel. Faulty weight distribution in standing or 
walking is often revealed by excessive wear 
on certain parts of the shoe. 


Treatment may be considered as being of two types, 
corrective and palliative. Ideally, treatment should be 
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corrective, but considering that painful foot conditions 
occur in many older people who have bony, ligamentous, 
and muscular structures that cannot adjust to corrective 
measures, it is necessary to use measures designed to ob- 
tain relief with the minimum of correction. 


FAULTY AND PAINFUL FOOT 
CONDITIONS AND TREATMENT 
INDICATIONS 


There is a familiar saying, "If your feet hurt, you hurt all 
over." For those whose occupation requires constant 
standing, or those engaged in activities that place great 
stress on the feet, the statement is especially applicable. 

In older people, feet may become painful because 
of the loss of normal padding on the soles of the feel. 
Insoles that cushion the foot markedly improve comfort 
and function. The insole must be thin enough to fit in the 
shoe without crowding the foot, but thick enough to 
offer a firm, resilient cushion. 

To the extent that the foot pain or discomfort is re- 
lieved, the insole may indirectly help alleviate the dis- 
comfort elsewhere that has resulted from a painful foot 
condition. 


PRONATION WITHOUT FLATNESS 
OF THE LONGITUDINAL ARCH 


This type of fault is most often found among women 
who wear high heels. In weight bearing, some symp- 
toms of foot strain may occur in the longitudinal arch, 
but more often, the pronation causes strain medially at 
the knee. In the foot itself, the anterior arch is subjected 
to more strain than the longitudinal arch. 
Occasionally, the longitudinal arch is higher than av- 
erage. This situation may require use of an arch support 
that is higher than usual so that the support may conform 
to the foot and provide a uniform base of support. 
Treatment of pronation consists of using an inner 
heel wedge or an orthosis that provides the same type of 
correction. Generally, patients should be discouraged 
from wearing a high heel if they have symptoms of foot 
or knee pain. Recommending shoes with little or no heel 
may be inadvisable, however, because the foot tends to 
pronate more in a flat-heeled shoe. With a medium heel, 
the longitudinal arch is increased, and a heel wedge or 
arch support will help to correct pronation. 
Regarding shoe correction, on a heel of medium 
height, a '/(6-inch inner wedge is usually used, whereas 
а '/s-inch wedge is the usual adjustment on a low heel. 
A high heel cannot be altered by use of an inner wedge 
without interfering with the subject's stability. 











FOOT PROBLEMS 





PRONATION WITH FLATNESS OF 
THE LONGITUDINAL ARCH 


This position of the foot is comparable to a position of 
dorsitlexion and eversión. In weight bearing, the posi- 
tion of pronation with flatness of the longitudinal arch is 
usualy accompanied by an out-toeing of the forefoot. 
Excessive tension is exerted on the muscles and liga- 
ments on the inner side of the foot that support the lon- 
gitudinal arch. Undue compression is exerted on the 
outer side of the foot, in the region of the talocalca- 
neonavicular joint. 

The tibialis posterior and abductor hallucis are usu- 
ally weak. Toe extensor muscles and the flexor brevis 
digitorum also may be weak. The peroneal muscles tend 
to be tight if pronation is marked. 

Supportive treatment consists of using an inner-heel 
wedge and a longitudinal arch support. When the heel 
has a wide base, a wedge of Ms-inch thickness is most 
often used. When the fault is severe, the patient should 
be discouraged from wearing a shoe without a heel. This 
type of fault is more prevalent among men and children 
than among women. 


SUPINATED FOOT 


A supinated foot is a very uncommon postural fault (see 
р. 80). It is essentially the reverse of a pronated foot— 
the arch is high, and the weight is bom on the outer side 
of the foot. Likewise, shoe corrections are essentially the 
opposite of those applied to a pronated foot. An outer 
wedge on the heel, a reverse modified Thomas heel, and 
an outer sole wedge usually are indicated. 

If the knock-knee is associated with supination of 
the foot, shoe corrections as described above may in- 
crease the deformity of the knee. Give careful consider- 
ation to any associated faults. 


HAMMER TOES 





Massage and stretching may aid in correcting the 
faulty alignment of the toes in the early stage, and 
benefit may be obtained from use of a metatarsal 
bar. An inside metatarsal bar may be more effec- 
tive, but an outside metatarsal bar may be more 
comfortable. (See figure, p. 445.) 


The position of hammer toes (as illustrated) is one in 
which the toes are extended at the metatarsophalangeal 
and distal interphalangeal joints and are flexed at the 
proximal interphalangeal joints. Usually, calluses are 
found under the ball of the foot and corns on the toes as 
a result of pressure from the shoe. Shoes that are too 
short or too narrow can contribute to the problem. 


METATARSAL ARCH STRAIN 


This type of strain is usually the result of wearing high 
heels or of walking on hard surfaces in soft-soled shoes. 
It also may result from an unusual amount of running, 
jumping, or hopping. An interesting and unusual example 
of the latter was observed in a child of approximately 10 
years of age who had won a hopscotch tournament. The 
foot on which she did most of her hopping had developed 
metatarsal strain and a callus on the ball of the foot. 

In cases of metatarsal arch strain, the lumbricales. 
adductor hallucis (transverse and oblique), and flexor 
digiti minimi are most noticeably weak. If asked to flex 
the toes and cup the front part of the foot, the patient can 
only flex the end joints of the toes; little or no flexion of 
the metatarsophalangeal joints occurs. 

Stretching of the toe extensors is indicated if tight- 
ness exists. Supportive treatment consists of use of a 
metatarsal pad or a metatarsal bar. If calluses are under 
the heads of the second, third, and fourth metatarsals, a 
pad is usually indicated; if calluses are under the heads 
of all the metatarsals, a bar is indicated. 


HALLUX VALGUS 


A hallux valgus is a position of faulty alignment of the 
big toe in which the end of the toe deviates toward the 
midline of the foot (see figure, p. 83), sometimes to the 
point of overlapping the other toes. The abductor hallu- 
cis muscle is stretched and weakened, and the adductor 
hallucis muscle is tight. 

Such cases may require surgery ifthe fault cannot 
be corrected or the pain alleviated by conservative means. 
In the early stages, however, it may be possible to achieve 
considerable correction. 

The patient should wear shoes with a straight in- 
ner border and avoid shoes with cut-out toe space. A 
"toe-separator," which is a small piece of rubber, is 
inserted between the big toe and the second toe aids in 
holding the big toe in more normal alignment. As a 
pure palliative procedure for the relief of pain caused 
by pressure, a bunion-guard is often useful. 

Because excessive pronation often is the cause of 
the hallux valgus, prevention or correction require that 
the arch be supported. "Excessive" means marked re- 
laxation of the supporting arch structures that require 
firm support; rigid orthoses are needed in such instances. 
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IN-TOEING POSITION OF THE FOOT 


An in-toeing position of the feet, like the out-toeing po- 
sition, may be related to faults at various levels. The 
term pigeon-toes may be considered to be synonymous 
with in-toeing. 

If the legs are internally rotated at hip level, the 
patellae face inward, the feet point inward, and usually, 
pronation of the feet occurs. With in-toeing related to 
medial torsion of the tibia, the patellae face forward, and 
the feet point inward. If the problem is within the foot 
itself, the hips and knees may be in good alignment, but 
anterior foot varus (i.e., adduction of the forefoot) may 
be found. (See photo, below.) 


Generally, children do not exhibit muscle tightness. 
It is not uncommon, however, to find that the tensor fas- 
ciae latae, which is an internal rotator, is tight in chil- 
dren who exhibit medial rotation from hip level. Stretch- 
ing of the tensor may be indicated, but this should be 
done carefully. 

Children who develop this medial rotation from hip 
level often sit in a reverse tailor or "W" position. (See 
photograph, p. 448) Encouraging the child to sit in a 
cross-legged position tends to offset the effects of the 
other position. 

The shoe correction used in cases of in-toeing as- 
sociated with internal rotation of the extremity is a 
small semicircular patch, placed on the outer side of 
the sole at about the base of the fifth metatarsal (see 
Figure C, p. 445). To mark the area for the patch, the 
shoe is held upside down and bent sharply at the sole, 
in the same manner that it bends in walking. The patch 





Anterior foot varus and in- 
toeing right foot. 
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extends about equally forward and backward from the 
apex of the bend. 

The patch is of a given thickness (either '/s or’/i6 
inch, depending on the size of the shoe) along the outer 
border. It tapers off to zero toward the front, center, and 
back of the sole. 

In-toeing associated with internal rotation of the ex- 
tremity tends to be more marked in walking than in 
standing, and the shoe correction helps to change the 
walking rather than the standing pattern. The effect of 
changing the walking pattern, in turn, helps to correct 
the standing position. 

The patch, by its convex shape, pivots the foot out- 
ward as the sole of the shoe is brought in contact with 
the floor during the usual transfer of weight forward. 
Before marking the shoe for alteration, a leather patch 
may be taped to the sole of the shoe and tested for po- 
sition by observing the child's walk. 

An in-toeing position caused by malalignment of 
the forefoot in relation to the rest of the foot is similar 
to a mild clubfoot, without equinus or supination of the 
heel. As a matter of fact, there may be pronation of the 
heel along with the adduction. (See below.) 

Inflare shoes may be comfortable, but they will not 
be corrective. The child should be fitted with shoes that 
have been made on a straight last. A stiff inner counter, 
extending from the base of the first metatarsal to the end 
of the great toe, should be added to the shoe. The outer 
counter should be stiff from the heel to the cuboid. 

When shoe alterations fail to bring about a correc- 
tion of the in-toeing, a "twister" may be used. (See fol- 
lowing page.) 


External rotation of hips 
and out-toeing of feet. 
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OUT-TOEING POSITION OF THE FEET 


Out-toeing may be the result of (a) external rotation of 
the entire extremity from hip level (b) tibial torsion, in 
which the shaft of the tibia has developed lateral rota- 
tion (c) or a fault of the foot itself in which the forefoot 
abducts in relation to the posterior part of the foot. 

For young children in whom the problem is from 
hip level, a twister may be used. Usually, results are ob- 
tained within a relatively short period of time (i.e., sev- 
eral months) (see below). 

The external rotation of the extremity (see figure on 
the facing page) does not automatically cause difficulty 
in standing. Walking in an out-toeing position, however, 
tends to put strain on the longitudinal arch as the weight 
is transferred from the heel to the toes. 

If tibial torsion is an established fault in an adult, 
no effort should be made to have the individual walk 
with the feet straight ahead. Such "correction" of the 


foot position would result in a faulty alignment of the 
knees and hips. 

Abduction of the forefoot is the result of a break- 
down of the longitudinal arch. In children, measures that 
correct the arch position will help to correct the out- 
toeing. Wearing corrective shoes may be advisable, be- 
cause they typically have an inflare last. In adults with an 
established fault, however, corrective shoes do not change 
the alignment of the foot but, rather, cause undue pressure 
on the foot. Usually, it is necessary to have the patient 
wear shoes that have been made over a straight, or even 
an outflare, last. The patient can tolerate some arch sup- 
port and inner wedge alterations if these are indicated, but 
the alignment of the shoe must necessarily conform with 
that of the foot to avoid pressure. 

Toeing out in walking may result from tightness of 
the tendo achillis, in which case stretching of the plan- 
tar flexor muscles is indicated. (See p. 375 for stretch- 
ing exercises.) 





For correction of in-toeing. 
Anterior View Posterior View 


TWISTER 


This elastic rotation leg control device, the Twister, is 
designed to exert a force of counter-rotation on the legs 
and feet to correct excessive internal or external rotation. 
This appliance is recommended for children with mild 
to moderate rotation problems and is frequently com- 
bined with other forms of treatment, such as shoe cor- 
rections and ankle braces. The simple fitting procedure 





For correction of out-toeing. 
Anterior View Posterior View 





of lacing the shoe hooks to the shoes, securing the pelvic 
belt with its Velcro fastener, extending the elastic straps 
as shown above, and adjusting the strap tension for the 
position desired produces an effective rotation control 
that usually requires only a short adjustment period by 
the patient. (Courtesy CD. Denison Orthopaedic Appli- 
ance Corp.) (14). 
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SHOES 


The protection and support given by shoes are important 
considerations with regard to the postural alignment in 
standing. Various factors predispose toward faulty align- 
ment and foot strain and create the need for adequate 
shoe support. The flat, unyielding floors and sidewalks 
of our environment, use of heels that decrease the sta- 
bility of the foot, and prolonged periods of standing, as 
required in some occupations, are several of the causes 
contributing to foot problems. 


A number of factors relating to the size, shape and 
construction of a shoe need to be considered. 


Length: Overall length should be adequate for comfort 
and normal function. 


Length from heel to ball: Feet vary in arch and toe length, 
with some having a longer arch and shorter toes and oth- 
ers a shorter arch and longer toes. No one special type 
of shoe is suited to all individuals. The shoe must fit 
with respect to arch length as well as overall length. 


Width: A shoe that is too narrow cramps the foot. A 
shoe that is too wide fails to give proper support and 
may cause blisters by rubbing against the foot. 


Width of heel cup: The shoe should fit snugly around the 
heel of the foot. Finding a shoe with a heel cup narrow 
enough in proportion to the rest of the shoe is often a 
problem. 


Width of shank: The shank is the narrow part of the sole 
under the instep. The shank should not be too wide, but 
it should permit the contour of the leather upper part of 
the shoe to be molded around the contour of the arch of 
the foot. If the shank is too wide, the arch of the foot 
does not have the support given by the shoe counter. 


Width of toe counter: The shoe needs to allow for good 
toe position and permit action of the toes in walking. 
The toe counter helps to give space to this part of the 
foot and keeps the pressure of the shoe off the toes. 


Shape of Shoe: A normal foot should be able to assume 
a normal position in a properly fitted shoe. Any distor- 
tion in shape that tends to pull the foot out of good 
alignment is not desirable. A fairly common fault is that 
shoes flare in too much. This design is based on the as- 
sumption that strain on the long arch is relieved because 
it is raised by an inward twist of the forefoot. The foot 
of a growing child may conform to the abnormal shape 
if such shoes are worn for a period of years. Because an 
adult's foot is not as flexible as a child's and not as eas- 
ily forced out of its usual alignment, a shoe with an in- 
flare is likely to cause excessive pressure on the toes. 


Heel Counter: A heel counter is a reinforcement made 
of stiff material that is inserted between the outer and in- 
ner layers of the leather that form the back of a shoe. It 
serves two purposes: to provide lateral support for the 
foot and to help preserve the shape of the shoe. As the 
height of the heel increases, the lateral stability of the 
foot decreases, and the counter becomes especially im- 
portant for balance. 


When the leather surrounding the heel is not rein- 
forced, it will usually collapse after a short period of 
wear and shift laterally, in whatever direction the wearer 
habitually thrusts the weight. When this has happened, 
the feet can no longer be held in a good alignment by 
such shoes. (See photograph below.) 

Shoes that have a cut-out back and depend on a 
strap to hold the heel in place offer even less stability 
than do shoes with enclosed heels and no counter. The 
shoe itself does not show as much deterioration with 
wear, however, both because the strap merely shifts side- 
ward with the heel and because the shoe has no heel 
leather to break down. In flat-heeled shoes, the effect on 
the wearer may be minimal, but the lack of lateral sup- 
port in a higher heel cannot persist indefinitely without 
some ill effects. These effects may be felt more at the 
knee than in the foot itself. 


Strength of Shank: A good shank is of prime impor- 
tance, both for the durability of the shoe itself and for 
the well-being of the person who wears it. When a shoe 
has a heel of any height, the part of the shoe under the 
instep is off the floor. The shank must then be an arch- 
like support that bridges the space between the heel and 
the ball of the foot. If the shank is not strong enough, it 
will sag under a normal load when the shoe is worn. 
Such a sag permits a downward shift of the arch of the 





Shoes Without Stiff Heel Counters: The absence of 

a stiff counter in the heel allows the foot to deviate 
inward or outward. The shoe breaks down, and any 

existing fault tends to become more pronounced, as 
in the photograph above. 
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foot, and it tends to drive the toe and the heel of the shoe 
apart. The extreme of this type of deterioration in a flat- 
heeled shoe is sometimes seen in the rounded, rocker- 
bottom shape that results (i.e., the shank being lower 
than the tip of the toe or the back of the heel). 

A strip of steel reinforcing the shank provides the 
strength to preserve the shoe as well as to protect the 
wearer from foot strain. (See left figure, p. 446.) Both 
low- and high-heeled shoes require a strong shank. 
Fortunately, most high-heeled shoes are made with 
good shanks, but low-heeled shoes often are not. A 
prospective buyer can judge the shank of a shoe to 
some extent by placing the shoe on a firm surface and 
then pressing downward on the shank. If such moder- 
ate pressure makes it bend downward, it is safe to as- 
sume that it will break down under the weight of the 
body. 

In heelless shoes, such as sandals and some tennis 
shoes, the firmness of the shank is of little importance 
for a person with no foot problems. Because the whole 
foot is supported by the floor or the ground, support 
from the shoe is not a major consideration unless the 
foot is being subjected to unusual strain from activity 
(е.р., in athletics) or from prolonged standing. 


Sole and Heel of Shoe: Thickness and flexibility are the 
two important factors in judging the sole of a shoe. For 
prolonged standing, especially on hard floors made of 
wood, tile, or concrete, a thick sole of leather or rubber 
is desirable. This type of sole has some resiliency and is 
able to cushion the foot against the effects of the hard 
surface. 

For people who are required to do a great deal of 
walking, a firm sole is desirable. The repeated move- 
ment of transferring weight across the ball of the foot in 
walking is a source of continuous strain. A firm sole that 
restricts an excessive bend at the junction of the toes 
with the ball of the foot guards against unnecessary 
strain. The sole should not be so stiff, however, that nor- 
mal movement in walking in restricted. 

When a child is learning to walk, the shoes should 
have no heel and a sole that is flat and firm enough to 
give stability. The sole should be fairly flexible, how- 
ever, to allow proper development of the arch through 
walking. 

The height of the heel is important in relation to the 
strain of the arches of the foot. Wearing a heel changes 
the distribution of body weight, shifting it forward. The 
proportion of weight that is born on the ball of the foot 
increases directly with the height of the heel. Continu- 
ous wearing of high heels eventually results in anterior 
foot strain. 

The effects of a fairly high heel can be offset— 
though only to a limited degree—by using metatarsal 
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pads and by wearing shoes that help to counteract the 
tendency of the foot to slide forward, toward the toe of 
the shoe. A shoe that laces at the instep or a pump with 
a high-cut vamp (preferably elasticized) helps to restrain 
the foot from sliding forward by providing an evenly 
distributed, uniform pressure—if the shoe fits well. 

When the foot is allowed to slip forward in the shoe, 
the toes are wedged into too small a space and are sub- 
jected to considerable deforming pressure. 

From the standpoint of normal growth and develop- 
ment as well as that of normal function, a person should 
use a well-constructed shoe with a low heel. Some indi- 
viduals, however, especially women with a painful con- 
dition of the longitudinal arch, will benefit from wear- 
ing shoes with heels of medium height. In those cases, 
the higher heel mechanically increases the height of the 
longitudinal arch, and a flexible foot that is subject to 
longitudinal arch strain may be relieved of symptoms by 
using a heel approximately l'K inches high. 


SHOE CORRECTIONS AND 
ORTHOSES 


Because correction of faulty foot conditions largely de- 
pends on supports and shoe alterations, brief descrip- 
tions of some of these are pertinent to this discussion. 

A heel wedge is a small piece of leather in the shape 
of half of the heel. It is usually applied between the leather 
or rubber heel lift and the heel proper. It is of a given 
thickness, usually V>6 to /s inch at the side and tapering 
off to nothing at the midline of the heel. An inner wedge 





A = inner heel wedge; B = metatarsal supports; C = 
toe-out patch; D = metatarsal bar; E = metatarsal 
pads; Е = longitudinal arch support (cookie); С = 
insole; H and I = rigid orthotic devices. 
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is so placed that the thickness appears on the inner side 
of the heel; this serves to tilt the shoe slightly outward. 
In an outer wedge, the thicker part is at the outer side of 
the heel and tends to tilt the shoe inward. 

A sole wedge, made by cutting the sole in half length- 
wise, may be used as an inner or an outer wedge. 

A Thomas heel is a heel extended on the inner side 
for support of the medial longitudinal arch. A reverse 
Thomas heel is extended on the outer side for correction 
of a supinated foot. 

A longitudinal arch support is a support put inside the 
shoe under the medial longitudinal arch of the foot. It is 
often made of firm rubber and leather. In many instances, 
however, a more rigid support is needed, and these devices 
need to be custom-made for each individual. Semirigid or 
rigid supports are fabricated from a neutral suspension cast 
that is designed to hold the subtalar joint in a neutral 
position while locking the midtarsal joint 

A metatarsal pad is a small, firm rubber pad with 
an essentially triangular shape. It is placed proximal to 
the heads of the metatarsals, and it acts to reduce hy- 
perextension of the metatarsophalangeal joints of the 
second, third, and fourth toes. To indicate the position of 
the support in relation to the foot and in relation to the 
shoe, a metatarsal pad was inserted in a shoe and a ra- 
diograph of the foot obtained with the shoe on (see fig- 
ure, below). 

A metatarsal bar is a strip of leather extending across 
the sole of the shoe. It acts to lift the metatarsals proxi- 
mal to the heads, as does the pad, but it is more rigid and 
affects the position of all the toes rather than just the sec- 
ond, third, and fourth. (See D in figure, p. 445.) 

A long counter is an extended counter that is added 
on the inner or outer side of the shoe. 

The foot muscles cannot be expected to compensate 
for or correct a condition involving faulty bony align- 
ment and ligamentous relaxation. Strong muscles will 
help to preserve good alignment, but supports are nec- 
essary to correct faulty alignment. The support should 
relieve strain on the muscles. For tight muscles that 












Metatarsal pad on the bones of the sole of the foot. 


maintain a persistent faulty alignment of the foot or toes, 
stretching is indicated. Effective shoe corrections do 
much to bring about the gradual stretching of the tight 
muscle. 

Normal use of the foot usually provides sufficient 
exercise for strengthening the muscles. Except among 
individuals who are bedridden or do very little walking, 
it is safe to assume that the average person does not lack 
exercise of the feet. 


CORRECTIVE FOOT EXERCISES 

FOR PRONATED FEET 

Lying on Back: 

1. Curl the toes downward, and hold while pulling the 
foot upward and inward. 


2. With the legs straight and together, try to touch the 
soles of the feet together. 

Sitting in Chair: 

3. With the left knee crossed over the right, move the 
left foot in a half-circle downward, inward, and up- 
ward, and then relax. (Do not turn the foot outward.) 
Repeat with the right foot. 

4. With the knees apart, place the soles of the feet to- 
gether and hold while bringing the knees together. 

5. Place a towel on the floor. With the feet parallel and 
approximately 6 inches apart, grip the towel with the 
toes, and pull inward (in adduction) with both feet, 
bunching the towel between the feet. 

6. With a small ball (-1'/4 to |' К inches in diameter) 
cut in half and placed under the anterior arch of the 
foot, grip the toes downward over the ball. 


Standing: 

7. With the feet straight ahead or slightly out-toeing, 
roll weight to the outer borders of the feet by 
pulling upward under the arches. 


Walking: 
8. Walk along a straight line on the floor, pointing the 


toes straight ahead and transferring weight from the 
heel along the outer border of the foot to the toes. 











The habitual position of the knee in standing indicates 
which areas are subjected to undue pressure and which 
to undue tension. Symptoms of muscle and ligamentous 
strain are associated with the areas of undue tension, 
whereas symptoms of bony compression are related to 
(he areas of undue pressure. The postural faults may ap- 
pear separately or in various combinations. For example, 
postural bowlegs results from the combination of hyper- 
extension of the knees, medial rotation of the hips, and 
pronation of the feet. Medial rotation and slight knock- 
knee are frequently seen in combination. Lateral rotation 
is often seen with severe knock-knee. (See p. 82.) 


This text does not deal with the treatment of con- 
genital or acquired deformities of the feet and knees. An 
excellent reference for such treatment is found in the 
chapter by Joseph H. Kite in Basmajian's Therapeutic 
Exercise (best in the third edition) (IS). 


BOWLEGS 


In children, a position of bowlegs may be either actual 
or apparent (i.e., structural or postural). An actual bow- 
ing is of the shaft (femur, tibia, or both) and usually is 
caused by rickets. An apparent bowing occurs as a result 
of a combination of joint positions that permit faulty 
alignment without any structural defect in the long bones. 
It results from a combination of medial rotation of the 
hip, hyperextension of the knee joint, and pronation of 
the foot. (See pp. 81 and 82.) 

Hyperextension alone does not result in a position 
of postural bowlegs; the medial rotation component is 
required. Medial rotation of the thigh plus pronation of 
the foot do not result in bowing unless accompanied by 
hyperextension. Thus, on testing, the apparent postural 
bowing will disappear in nonweight bearing or in stand- 
ing if the knees are held in neutral extension. 

Correction depends on use of appropriate shoe cor- 
rections, exercises to correct pronation, exercises to 
strengthen hip lateral rotators, and cooperation by the 
subject in avoiding a position of knee hyperextension. 

In some instances, postural bowing and hyperexten- 
sion are compensatory for knock-knees, as described on 
page 83. Paradoxically, correction of this type of pos- 
tural bowing must be based on correction of the under- 
lying knock-knee problem. 

Correction of structural bowing depends chiefly on 
timely intervention and effective bracing. An outer wedge 
on the heel or sole usually is not indicated, because there 
is a tendency for the foot to pronate as the legs bow out- 


ward. 





KNEE PROBLEMS 


KNEE HYPEREXTENSION 


Hyperextension of the knee joint results in undue com- 
pression anteriorly and undue tension on muscles and 
ligaments posteriorly. Pain may occur in either area. 
(See pp. 81 and 84.) Pain in the popliteal space is not 
uncommon in adults who have stood with the knees in 
hyperextension. 

Hyperextension may cause further problems if not 
corrected. The popliteus is a short (one-joint) muscle that 
acts somewhat as a broad posterior knee joint ligament. 
Its action is to flex the knee and to rotate the leg medi- 
ally on the thigh. (See p. 416.) If it is stretched by knee 
hyperextension, it allows the lower leg to rotate laterally 
on the femur in flexion or in hyperextension. 

Prevention or correction of hyperextension is based 
on instruction in good postural alignment and coopera- 
tion by the subject in avoiding positions of knee hyper- 
extension in standing. Specific exercises for knee flex- 
ors may be indicated. Bracing may be required in cases 
that do not respond otherwise and in severe cases. 


KNOCK-KNEES 


Tension on the medial ligaments and compression on 
the lateral surfaces of the knee joint are present in 
knock-knees. Discomfort and pain associated with the 
tension on the ligaments is annoying, but it is often tol- 
erated for a long time before becoming incapacitating. 
The pain associated with compression, however, is slow 
to develop, but it is often intolerable when it first man- 
ifests itself. Evidence of arthritic changes may appear 
on radiographs. 

Tightness of the tensor fasciae latae and iliotibial 
band is frequently seen in conjunction with knock-knees, 
even in young children. Heat, massage, and stretching of 
the muscle and fascia lata often are needed, along with 
shoe corrections to bring about a realignment. 

In treatment of early, mild knock-knee, an inner 
border wedge on a shoe tends to realign the extremity, 
thus relieving the strain medially and the compression 
laterally. There is danger, however, in using too high 
an inner wedge, because overcorrection of the foot 
may be overcompensated for by an increase in knock- 
knee. A Vs- to’/i6-inch inner heel wedge is usually ad- 
equate. A moderate degree of knock-knee may benefit 
from a knee support in addition to shoe corrections. 
The support should have lateral steel uprights, with a 
joint at the knee. Severe knock-knee requires bracing 


or surgery. 
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MEDIAL ROTATION OF HIP AND 
PRONATION OF FEET 


The position of the knees in which the patellae face 
slightly inward results from medial rotation at the hip 
joints. As a functional or apparent (i.e., not structural) 
malalignment, it is usually accompanied by pronation of 
the feet (See p. 80.) The initial problem may be at the 
hip or at the foot, and it may result from weakness of the 
hip external rotators or ofthe muscles and ligaments that 
support the longitudinal arches of the feet Whichever 
predisposes to the fault, the end result is usually that 
both conditions exist if the initial problem is not cor- 
rected. A tight tensor fasciae latae may be a contributing 
cause, and sitting in a reverse tailor or "W" position may 
predispose toward faulty hip, knee, and foot positions. 
(See figure below.) 


There may be a structural malalignment with a lat- 
eral tibial torsion accompanying the hip medial rota- 
tion. In either event, there tends to be pronation of the 
foot, but with tibial torsion, there is more out-toeing of 
the foot. 

The malalignment affects the knee joint adversely, 
causing ligamentous strain anteromedially and joint com- 
pression laterally. 

Treatment consists of shoe alterations and/or or- 
thoses that support the longitudinal arch, exercises for 
foot inverters (see foot exercises, p. 446), strengthening 
exercises for hip lateral rotators, and stretching of the 
tensor fasciae latae if tight (see pp. 398 and 450). 





Reverse tailor or "W" position. 





KNEE FLEXION 





Knee flexion is a less common finding than the three 
above-mentioned problems, but it is fairly common 
among older people. Habitually standing with the knees 
flexed (see figure p. 81) can cause problems at the knee 
and along the quadriceps muscle. It is a position that re- 
quires constant muscular effort to keep the knees from 
flexing further. Pain is most often associated with mus- 
cle strain of the quadriceps or with the effect of traction 
by the quadriceps (through its patellar tendon insertion) 
on the tibia. 

Sometimes a position of knee flexion is assumed to 
ease a painful low back that is otherwise pulled into a 
ordotic curve by tight hip flexors. There may also be ac- 
tual shortness of the popliteus and the one-joint ham- 
string, namely the short head of the biceps femoris. If 
the hip flexors and knee flexors are tight, institute ap- 
propriate stretching exercises are indicated. 





Effect on Posture: Unilateral knee flexion creates con- 
cerns beyond the area of the knee. The effect on posture 
may be seen in the figures above. With the left knee 
flexed, the right foot is more pronated than the left, the 
right thigh is medially rotated, the pelvis tilts down on 
the left, the spine curves convexly toward the left, the 
right hip is high, and the right shoulder is low. 








LEG PAIN 





The conditions discussed here include pain associated 
with a tight tensor fasciae latae and iliotibial band, 
stretched tensor fasciae latae and iliotibial band, and sci- 
atica associated with a protruded intervertebral disk or a 


stretched piriformis. 


TIGHT TENSOR FASCIAE LATAE 
AND ILIOTIBIAL BAND 


A condition sometimes mistakenly diagnosed as sciatica 
is that of pain associated with a tight tensor fasciae latae 
and iliotibial band. The dermatome area of cutaneous 
distribution corresponds closely with the area of pain. 

Pain may be limited to the area covered by the fascia 
along the lateral surface of the thigh or it may extend up- 
ward over the buttocks, involving the gluteal fascia as well. 

Palpation over the full length of the fascia lata, from 
its origin on the iliac crest to the insertion of the iliotib- 
ial band into the lateral condyle of the tibia, may elicit 
pain or tenderness. There is tenderness especially along 
the upper margin of the trochanter and at the point of 
insertion near the head of the tibia. 

Painful symptoms may be limited to the area of the 
thigh or may appear in the area supplied by the peroneal 
nerve. A review of the anatomy of the lateral aspect of 
the knee shows the relationship of the peroneal nerve to 
the muscles and fascia in this area (see figure). 

The peroneal branch of the sciatic nerve passes 
obliquely forward, over the neck of the fibula, and 
crosses directly under the fibers of origin of the per- 
oneus longus muscle. Any prolonged pressure over this 
area, even if only slight, must be avoided because of the 
danger of peroneal nerve paralysis. Even in the applica- 
tion of adhesive traction to the lower leg, one must avoid 
either pressure over the nerve or excessive traction on 
the soft tissue at that point. 

The mechanism by which the peroneal nerve is irri- 
tated in cases of tightness of the iliotibial band may be 
explained by the effect of pressure by the rigid bands of 
fascia or by the effects of traction on this part. When the 
fascia is drawn taut, as in movements of walking or on 
testing for tightness, the fascia is often observed to be 
extremely rigid. 

The effect of traction is often seen in acute cases. 
With the patient side-lying and the affected leg upper- 
most, the mere dropping of the foot into inversion (i.e., 
downward toward the table) puts tension on the muscle 
and fascial band. Symptoms of nerve irritation in the 
area supplied by the peroneal nerve may be elicited by 
this simple movement of the foot. When the side-lying 
position is assumed for sleeping or treatment and pil- 
lows are placed between the legs to keep the leg in ab- 
duction, the foot should also be supported to prevent it 
fiom dropping into inversion. Failure to recognize the 
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peripheral cause of this peroneal nerve irritation has of- 
ten resulted in rather obscure explanations of this prob- 
lem. 

Tightness of the tensor fasciae latae and iliotibial 
band may be bilateral or unilateral, but when tightness 
is marked, it is more often unilateral. Activities such as 
skating, skiing, or horseback riding may contribute to bi- 
lateral tightness. 


Treatment Indications for Acute Symptoms 


Heat may be applied to the lateral aspect of the thigh 
while the patient is in a position that gives in to the tight- 
ness. This is done by abducting the leg in either back- 
lying or side-lying. To support the leg in abduction in 
side-lying, firm pillows are placed between the thighs 
and lower legs, making sure that the foot is also sup- 
ported. A pillow at the back or abdomen helps to balance 
the patient comfortably in this side-lying position. As 
soon as the patient can tolerate it, which may be during 
the first treatment or may be 2 or 3 days later, massage 
may be started. Massage should be firm but not deep. 
Often, a superficial stroking is more irritating than a 
firm, gentle massage. Massaging downward may be more 
effective than the usual upward stroke. Patients fre- 
quently describe their reaction to the massage as "a hurt 
that feels good." They are aware of a feeling of tightness 
and describe "wishing they could make the muscle let 
go" or that "it would feel good if somebody stretched it." 
Patients should avoid exposure to cold or drafts, because 
even the slightest exposure often causes an increase in 


the pain. 
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The almost immediate relief of symptoms that oc- 
curs in some instances indicates that the condition is 
basically one of tight muscles and fascia. (These treat- 
ment reactions differ from those in sciatica. The same 
procedures applied to the painful area along the ham- 
string muscles in cases of sciatic irritation would give 
rise to increased pain.) 


For Subacute Stages: As acute pain subsides, succeed- 
ing treatments should be directed toward stretching the 
tight fascia. The position and movement for assisted 
stretching is illustrated below. 

Self-stretching in the standing position (as first de- 
scribed by Frank Ober [4]) may be done if the hip does 
not internally rotate or flex, but that is hard to control 
(see p. 398). Instead, more precise stretching should be 
used, as described and illustrated below. 


d 


To stretch left tensor fasciae Iatae, have subject lie 
on right side with right hip and knee bent. Relax left leg 
on pillows placed between thighs and lower legs. Apply 
heat and massage to left lateral thigh. Remove the pil- 
lows. Bend right hip and knee enough to flatten low 
back. Stabilize the pelvis firmly with one hand, draw the 
thigh slightly back, and press gently (on thigh, not leg) 
downward toward the table, stretching the muscles and 
fascia between the hip and knee. (The knee should not 
be allowed to rotate inward, and care should be taken to 
avoid strain at the knee joint.) To stretch right tensor, 
have subject lie on left side and reverse the procedure. 

For mild to moderate unilateral tensor fasciae latae 
tightness, place a heel lift of ' / B to /16 inch thickness in 
the shoe on the side of the tightness to level the pelvis 
and provide a gradual stretch in the standing position. 

The shoe correction indicated for treatment of the 
lateral pelvic tilt associated with tensor fasciae latae 
tightness also aids in gradual stretching of the tight fas- 
cia. For this reason, such shoe alterations may not be 
tolerated until acute symptoms have subsided and until 
some active treatment, in the form of heat, massage, and 
stretching, has been instituted to relax and stretch the 
tight fascia. 


STRETCHED TENSOR FASCIAE 
LATAE AND ILIOTIBIAL BAND 


Even though the condition of pain associated with a con- 
tracted tensor fasciae latae is the more common, there are 
instances of strain on the high side of the pelvis. When 
a leg is in a position of postural adduction, there is con- 
tinuous tension on the abductors of the thigh on that side. 
Symptoms of pain may become quite acute. If present, 
they are treated by relief of strain—that is, by leveling 
the pelvis and correcting any opposing muscle tightness 
that may be causing the persistent tension. Because the 
chief opponent is the opposite tensor, this problem may 
sometimes be resolved by treatment of the contracted 
muscles and fascia on the low side, even though symp- 
toms of strain are present on the side that is higher. 


There are instances in which the tensor and the fas- 
cia lata are stretched by a fall sideways or a sideways 
thrust in which the pelvis moves laterally on the fixed 
extremity, thrusting the hip joint into adduction. 

On several occasions, adhesive taping has been suc- 
cessfully used in a way that limits the adduction. The 
illustrations on the facing and the information below ex- 
plain the procedure. 





Adhesive tape, preferably 1У, inches wide, is cut in 
lengths that will extend from the area of the anterosupe- 
rior spine of the pelvis to just below the lateral knee joint 

The subject removes the shoe on the affected side, or 
if both shoes are removed, a raise of approximately half 
an inch is placed under the unaffected side. The subject 
stands with the feet apart to place the affected leg in 
some abduction. It is not expected that the tape will hold 
that same degree of abduction—there is always some give 
in the tape. 

It is very important that patients be checked for skin 
sensitivity to adhesive tape, particularly if the weather is 
hot Tincture of benzoin has been used on the skin each 
time the taping procedure has been used. 











Brief Case History 


The subject caught her right heel on the edge of a step 
and averted a fall down a long flight of stairs by sud- 
denly stepping down three steps with the left leg. 

At first, pain was felt in the left hip. Two days later, 
the left knee gave way. The left knee continued to be 
painful. 

Four days after the injury, the patient was seen by 
an orthopedist who obtained a radiograph of the left 
knee. Five days later, the patient was seen by another or- 
thopedist who obtained radiographs of the hip and knee. 

Two weeks after the injury, the patient was seen by 
a neurosurgeon who recommended disk surgery. 

Four days later, the patient was referred to a physi- 
cal therapist. The pertinent findings were: 


1. When lying supine, the patient could not let the 
knee extend without severe pain. 

2. When the patient was placed in a sitting position 
and tested for quadriceps strength, the knee extended 
fully, with no pain of any consequence. 

3. When the patient was again put in a supine position 
and the thigh was supported to keep the hip in flex- 
ion, the patient extended the knee without pain. 

4. Any attempt to extend the knee in the supine posi- 
tion while also extending the hip resulted in severe 
pain at the knee. 

5. The test for strength of the tensor fasciae latae was 
painful. 

6. On palpation, the tensor fasciae latae muscle ap- 
peared to be in spasm. 


The tape is directed from anterolateral pelvis to 
posterolateral area of the knee in such a manner 
that hip and knee flexion will not be restricted in 
the sitting position. 





Impression 


The site of injury appeared to be in the tensor fasciae 
latae muscle, with pain referred to the lateral knee via 
the fascia lata (i.e., the muscle in spasm placing ten- 
sion on the iliotibial tract whenever the hip was ex- 
tended). 

Following the examination, the patient was given 
moist heat and massage (stroking downward) to the 
tensor fasciae latae. The patient felt considerable re- 
lief of pain in the lying position, but pain was felt in 
standing. 

The anterolateral aspect of the left thigh was 
strapped from the crest of the ilium to just below the 
knee (in such a way as not to interfere with hip or knee 
flexion). The patient felt much relief of symptoms after 
strapping. (Nonallergic adhesive was used.) 

Two days later (and again six days after that), the 
strapping was checked to be sure there was no irritation 
and to reinforce it with more tape. 

Three days later, no skin irritation was found, and 
new strapping was applied. 

Six days after that visit, the patient removed the 
strapping and was walking without a cane. 

Approximately 5 weeks after the patient removed 
the strapping, a note received from her doctor stated, 
"The examination of [the patient's] leg assures me that 
she is well and there has been no residual. I feel that 
we can discharge her, and she can assume her general 
duties." 

The procedure for the taping was the same as illus- 
trated by the photographs above. 
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PROTRUDED INTERVERTEBRAL DISK 


The basic concepts regarding flexion and extension of 
the spine in relation to disk protrusion play an important 
role in determining treatment. The following quotes are 
pertinent to this topic. 

Nordin and Frankel state, "The forward inclination 
of the spine makes the disk bulge on the concave side. 
Hence, when the spine is flexed the disk protrudes ante- 
riorly and is retracted posteriorly" (16). Pope et al. record 
the findings of Brown et al. and Roaf (17). Brown et al. 
reported disk bulging anteriorly during flexion, posteri- 
orly during extension, and toward the concavity of the 
spinal curve during lateral bend (18). Roaf stated that 
the bulging of the annulus is always on the concave side 
of the curve and that, during flexion and extension, the 
nucleus does not change in shape or position (19). 


This information is contrary to what many people 
believe or have been taught. In the analysis of low 
back problems and sciatica, however, this concept is 
important. 

Strong back muscles are essential for both posture 
and function. Although low back muscles are seldom 
weak, back extension exercises are frequently prescribed. 
Overemphasis on back extension can contribute to an 
increase in a lordotic position. Quoting again from 
Nordin and Frankel, "The erector spinae muscles are in- 
tensely activated by arching the back in the prone posi- 
tion. Loading the spine in extreme positions such as this 
one produces high stresses on spine structures, so this 
hyperextended position should be avoided" (16). 


Good strength in the abdominal muscles is also 
important to counterbalance the back muscles and to 
stabilize the trunk in good postural alignment and dur- 
ing activities such as lifting. Unfortunately, abdominal 
muscles are often weak, especially the lower abdomi- 
nals, and not enough attention is paid to appropriate 
exercises. 


If a disk has ruptured and is pressing on a nerve 
root with intractable pain and no relief has been ob- 
tained from conservative measures, there may be no al- 
ternative to surgery. However, there are many cases of 


sciatica, in which clinical findings suggest a disk lesion, 
but the fluctuation of symptoms suggest that the pro- 
trusion is not constant. Conservative treatment of many 
such cases has brought about effective relief of symp- 
toms without surgery. In instances when, for some rea- 
son, the patient declines operation or the doctor does 
not elect to perform surgery, conservative treatment be- 
comes the necessary alternative. 

The rationale for conservative treatment is based on 
the premise that any bending, torsional loads, or com- 
pressive force—whether caused by muscle spasm, tight- 
ness of back muscles, or stress of superimposed weight 
on the lumbar spine— may be factors in causing the disk 
protrusion. 

Two measures provide effective conservative treat- 
ment: First, immobilization of the back for relief of acute 
muscle spasm and for restriction of motion; second, use 
of an hourglass type of support that acts to transmit the 
weight of the thorax to the pelvis, and relieves stress on 
the lumbar spine (in much the same manner as a cervi- 
cal collar is used to relieve pressure on the cervical 
spine). 

To treat by immobilization, and for relief of super- 
imposed body weight, a fitted support is reinforced with 
strong lateral and posterior stays. Following relief of 
acute symptoms, therapeutic measures may be instituted 
to correct any underlying muscle imbalance or faults in 
alignment. 

Acute sciatic symptoms associated with protrusion 
of a ruptured disk often occur as a result of a sudden 
twist and extension of the spine from a forward-bent 
position, such as twisting the trunk while lifting a 
weight. That such a type of stress should be related to 
this type of lesion is not surprising in view of the fact 
that "rotation of the lumbar spine takes place at the in- 
tervertebral disk" (20). 

Sciatic symptoms that have been acute or subacute 
often cause the body to be drawn into faulty alignment 
such that secondary symptoms of compression and mus- 
cle strain are added to the original problem. These sec- 
ondary symptoms may, on occasion, persist after the 
original underlying problems have subsided. 








PIRIFORMIS MUSCLE AND ITS 
RELATION TO SCIATIC PAIN 


Albert Freiberg described the piriformis muscle and its 
relation to sciatic pain, and furnished an interesting ex- 
planation for a possible cause of sciatic symptoms (21). 
Although there may be numerous cases in which sciatic 
pain is associated with a contracted piriformis, as he de- 
scribed, it is the opinion of the authors that irritation of 
the sciatic nerve by the piriformis muscle is often asso- 
ciated with a stretched piriformis. 

The piriformis arises with a broad origin from the 
anterior aspect of the sacrum and inserts into the supe- 
rior border of the greater trochanter. This muscle has 
three functions in standing. It acts as an external rotator 
of the femur, aids slightly in tilting the pelvis down lat- 
erally, and aids in tilting the pelvis posteriorly by pulling 
the sacrum downward toward the thigh. 

In a faulty position with a leg in postural adduction 
and internal rotation in relation to an anteriorly tilted 
pelvis, there is marked stretching of the piriformis along 
with other muscles that function in a similar manner. 
The mechanics of this position are such that the piri- 
formis muscle and the sciatic nerve are thrust into close 
contact. The figure below shows the relationship of the 
sciatic nerve to the piriformis muscle. 


Gluteus min. Gluteus med. 





Sciatic nerve 
Gluteus max. 


Gemellus sup 
Obturator int.'. 
Gemellus Inf. 

Semimembran 


Semitendin 
Biceps 


Quad. fern. 


Evaluation: The following points should be considered 
in the diagnosis of sciatic pain associated with a stretched 


piriformis: 

1. Do the sciatic symptoms diminish or disappear in 
nonweight bearing? 

2. Do internal rotation and adduction of the thigh in 
the flexed position, with the patient supine, increase 
sciatic symptoms? 

3. Do the symptoms diminish in standing if a straight 
raise is placed under the opposite foot? 


4. Does the patient seek relief of symptoms by placing 
the leg in external rotation and abduction in both the 


lying and standing positions? 


The test movement to place the piriformis on maxi- 
mum stretch (see point 2 above) is done in the following 
manner: The patient is supine on a table. The knee and 
hip of the affected leg are flexed to right angles. Flexion 
of the knee rules out any confusion with pain due to ir- 
ritation of the hamstring muscles. The examiner then in- 
ternally rotates and adducts the thigh passively. 

In regard to point 3 above, it has been a frequent 
clinical observation that, during the course of examina- 
tion, a lift applied under the foot of the affected side in- 
creases symptoms, whereas a lift placed under the foot 
of the unaffected side gives some immediate relief in the 
affected leg. 

Shoe corrections, for cases indicating irritation re- 
sulting from a stretched, rather than a contracted, piri- 
formis, consist of a straight raise (usually Vs to ‘k inch) 
on the heel of the unaffected side to relieve tension on 
the abductors of the affected side as well as an inner 
wedge on the heel on the affected side to correct the in- 
ternal rotation of the leg. Heat, massage, and stretching 
of the low back muscles if they are contracted, abdomi- 
nal muscle exercise if abdominal weakness is present, 
and correction of the faulty position of the pelvis in 
standing are used as indicated. 
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LEG PAIN 


SCIATICA 


Sciatica refers to a neuritic type of pain along the course 
of the sciatic nerve. Pain extends down the posterior 
thigh and lower leg to the sole of the foot and along the 
lateral aspect of the lower leg to the dorsum of the foot. 

Sciatica may occur in connection with various in- 
fections or inflammatory disease processes, or it may be 
caused by some mechanical factor of compression or 
tension. 

Symptoms may originate from a lesion of one or 
more of the nerve roots that later join through a plexus 
to form the sciatic nerve. A protruded intervertebral disk 
is an example of mechanical irritation at the level where 
the nerve roots emerge from the spinal canal. Distribu- 
tion of pain tends to extend from the root origin to the 
terminal nerve endings, with the result that pain is quite 
widespread. An L5 lesion, for example, may give rise not 
only to symptoms down the course of the sciatic nerve 
but also to pain in the region of the posterior and lateral 
thigh supplied by the inferior and superior gluteal nerves. 


Symptoms of sciatica may arise from irritation any- 
where along the course of the sacral plexus, the sciatic 


NEUROMUSCULAR PROBLEMS 


The use of manual muscle testing and the accurate record- 
ing of the results aid in establishing a diagnosis, as il- 
lustrated by the charts on pages 455 through 461. For 
charts on pages 455-458, test results are recorded in the 
left-hand column, and the corresponding dots to the right 
are circled to indicate the nerves involved. The seven 
charts contain the muscle test findings on six subjects. 

Page 455: Peripheral nerve involvement of the com- 
mon peroneal nerve. 

Pages 456 and 457: Involvement of the dorsal and 
ventral divisions of L4, 5, and SI, 2, 3 on one side only. 
(The other side essentially normal.) 


nerve trunk, or its peripheral nerve branches. Sciatica 
may arise as reflex pain from irritation of peripheral 
nerve endings. A lesion along the course of the nerve or 
its branches often may be distinguished from a root le- 
sion by the localization of pain to the distribution below 
the level of the lesion. 

Other than the root, there are two commonly rec- 
ognized sites of lesions giving rise to sciatic pain: The 
sacroiliac region, where the spinal nerves emerge 
through the sacral foramen, and at the level of the piri- 
formis muscle where the sciatic nerve trunk emerges 
through the sciatic notch and passes either through or 
under the piriformis muscle. 


This discussion about sciatica is concerned with 
faulty body mechanics in relation to disk protrusion and 
with sciatic symptoms associated with the piriformis 
syndrome. There will be no discussion of sciatica in re- 
lation to the sacroiliac strain other than to suggest that 
the faulty mechanics causing this strain may put tension 
on the sacral plexus because of the close association of 
the involved structures in this area. 


Page 458: Protruded intervertebral disc at L5. 

Page 459: Guillain Barré Syndrome. Diagnosis con- 
firmed on the basis of the symmetry of strengths and of 
weaknesses of the right and left extremities on the basis 
of one examination. 

Page 460: Guillain Barré showing the symmetry of 
right and left sides based on six examinations over a 
seven month period. 

Page 461: A poliomyelitis case. In this example, the 
left leg has rather extensive involvement, the right leg is 
essentially normal. Poliomyelitis cases do not show pat- 
terns of weakness. 
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The patient, on whom muscle and sensory tests were 
done 6 weeks after onset, had fallen through a glass door 
and sustained a laceration injury of the left leg. Muscle 
test findings indicated the following: 


Involvement of the nerve branches to the flexor 
digitorum longus and flexor hallucis longus, 
without involvement of the tibial nerve and its 
terminal branches. 


Involvement of the superficial peroneal nerve and 
of the deep peroneal nerve, probably below the 
level of a proximal branch to the tibialis ante- 
rior. 


The weakness of the posterior tibial muscle may 
have been caused by trauma of the muscle rather than by 
nerve involvement, because it made a complete recovery 
within 3k months after onset. By that time, the flexor 
digitorum longus and flexor hallucis longus had made a 
good recovery, and by the end of 6 months, they had 
made a complete recovery. Progress was slow, and mus- 
cle weakness remained in all muscles supplied by the 
deep and superficial peroneal nerves. 
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CASE 2: LESION INVOLVING 
LUMBOSACRAL NERVES 





DIAGNOSTIC CHART FOR NERVE LESIONS: TRUNK AND LOWER EXTREMITY 
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CASE 3: POSSIBLE 15 LESION 





TRUNK AND LOWER EXTREMITY 
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Muscle test findings indicate a possible L5 lesion. 
Numerous muscles that receive innervation from L4 
were normal in strength, leading to the assumption 
that L4 was not involved. The patient was able to 
stand on one foot at a time and rise on the toes with- 
out any difficulty, hence the normal grade for the gas- 
trocnemius. With the innervation to this muscle from 
SI and S2, the grade of normal rules out the proba- 


Subsequent examination by a neurologist con- 
firmed a probable disk lesion, and the patient had a 
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MUSCLE CHART, NO. 3 


CASE 4: GUILLAIN-BARRE SYNDROME 
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LEFT MUSCLE CHART, No. 3 RIGHT 
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PATIENT'S NAME 


CUNIC No. 


CASE 6: POLIO 















MUSCLE CHART, No. 3 
























































































































































































































































































































































































Contractions and Deformities 
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CORRECTIVE EXERCISES: LOWER 
EXTREMITY 


Exercises in the lying position should be done on a firm surface (e.g., a board 
on the bed, a treatment table, or the floor, with a thin pad or folded blanket 


placed on the hard surface for comfort). 


Stretching exercises should be preceded by gentle heat and massage to help 
relax tight muscles. (Avoid using heat on weak, overstretched muscles.) Stretch- 
ing should be done gradually, with a conscious effort to relax. Continue until a 
firm, but tolerable "pull" is felt, breathing comfortably while holding the stretch, 


then return slowly from the stretched position. 


Strengthening exercises should also be done slowly, with an effort to feel 
a strong "pull" by the muscles being exercised. Hold the completed position for 
several seconds, then relax and repeat the exercise the number of times 


indicated by your therapist. 











Active Hamstring Stretching 

To stretch right hamstrings, lie 
on table with legs extended. 
Hold left leg down and gradually 
raise right leg with knee 

straight. (Reverse the procedure 
to stretch left Hamstrings.) 


Sit on a stool with back against wall. 


==} leg. A stretch should be felt under the 
= knee and along Hamstring muscles. 


Keep one knee bent and straighten other | 


Passive Hamstring Stretch 
in Doorway 

Lie on floor by an indoor 
doorway. Place one leg out 
straight on the floor inside 
the doorway with the other 
in a position of straight leg 
raise, resting the heel against 
the doorframe. As muscles 
relax, move closer to the 
doorframe, raising the leg 
higher and giving an added 
stretch to the Hamstrings. 





Passive Seated 
Hamstring and 





— 


4 3 “туу Calf Stretch 

IS A] (with towel 

М px. Sed | ist) 

\\\ assis 
SS Sitting in chair, 
d \—— place one leg on 


|, Stool or chair 
seat of same 
height, keeping 
knee supported. 
You will feel a 
"pull" in the back of your thigh. (To add 
a stretch to the calf muscle, place a 
towel or strap around the ball of the 
foot and slowly pull foot toward you.) 
Hold for ^ seconds. Repeat times. 


| [ 















Active Hamstring Stretch (with towel assist) 
Lying on back on firm, but padded surface, use 
towel to pull thigh to slightly less than vertical 
| position (80 degrees), keeping upper arms rest- 
ing supported at your side. Straighten knee until 
you feel a "pull" in the back of your thigh and 
knee. Hold for — seconds. Repeat — times. 
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CORRECTIVE EXERCISES: LOWER 


EXTREMITY 





One-Joint Hip Flexor Stretching 


In back-lying position, pull one knee 
toward chest until low back is flat on 
table. Keeping beck flet, press other 
leg, with knee straight, down toward 
the table by tightening the buttock 
muscle. 





Two-Joint Hip Flexor Stretching and 
Hip Extensor Strengthening 

To stretch right hip flexors, lie on back 
with right lower leg hanging over end 
of a sturdy table. Pull left knee toward 
chest just enough to flatten low back 
on table. (When there is hip flexor 
tightness, the right thigh will come up 
from table.) Keeping beck flet, stretch 
right hip flexors by pulling thigh 
downward with the right buttock mus- 
cle, trying to touch thigh to table. 
Keeping thigh down toward table, try 
to bend knee until a firm "pull" is felt 
in front of the right thigh (no more 
than 80?). 

To stretch left hip flexors, pull 
right knee toward chest and apply the 
stretch to left thigh, as described 
above. (Note: This can be done at the 
top of a flight of stairs if no sturdy 
table is available.) 





Hip Abduction Strengthening, Back-Lying 

Lying on back with your hands on your hips, slide 
the (right) (left) leg out to the side and keep it in 
that position without hiking the hip up on that 
side. Slowly slide the other leg out as far as 
possible. Return to midline. Repeat — times. 


dec, У KS 
Lp J 4-4 
/ \ oe 
i y!" ЛАХ 
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| е «M A »/ Ne AG 
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Dynamic Single Leg Stand (for balance, Gluteal, 
and Quadriceps strengthening) 

Use hend support es needed for balance and 
safety. 

Balance on one foot with posture erect, keeping 
pelvis level and abdomen and buttocks firm, and 
other leg lifted forward off the floor. Keeping 
weight over supporting leg, slowly bend knee as 
though stepping off a curb with the other foot. 
Keep back straight and avoid riving the pelvis for- 
ward, backward, or sideways. 


Ш Шш 





© 2005 Florence Р. Kendall and Patricia С. Provance.. Authors grant permission to reproduce for personal use but not for sale. 


Medical portal MedWedi.ru 





REFERENCES 





References 


1s 


10. 


11^ 


12. 


Agur AMR Grants atlas ofanatomy. 9th ed. Baltimore: 
Williams and Wilkins; 1991: 263. 

Protractors and Calipers: Prototype made for by H.O. 
Kendall, 1953. Sample Copies made by Chattanooga 
Group, 1992. 

Kendall HO, et al. Posture and Pain. Baltimore: 
Williams & Wilkins: 1952. 

Ober FR. Back strain and sciatica. JAMA. 
1935;104(18):1580-1581. 

Ober FR. Relation of the fascia lata to conditions of the 
lower pan of the back. JAMA. 1937;109(8):554-555. 
Hoppenfeld S. Physical examination of the spine and 
extremities. East Norwalk: Appelton-Century-Crofts; 
1976:167. 

Rothstein J, Roy S, Wolf S. /The:fellabilitation sspecial- 
ist's handbook. Philadelphia: FA Davis; 1991: 64-65 
Guides to the evaluation ofpermanent impairment. 
Chicago: American Medical Association; 1984. 

Daniels L, Worthingham C. Muscle testing-techniques 
of manual examination. 5th ed. Philadelphia: WB Saun- 
ders; 1986: 54 

Palmer M, Epler M. Clinical assessment procedures in 
physical therapy. Philadelphia: JB Lippincott; 1990: 
247-248 

Norkin CC, White DJ. Measurement of Joint Motion: a 
guide to goniometry. Philadelphia: FA Davis; 1985: 139 
Kendall HO, Kendall FP Muscles. Testing and Function, 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


1st ed. Baltimore: The Williams and Wilkins Company; 
1949. 

Kendall HO, Kendall FP, Wadsworth GE. Muscles, Test- 
ing and Function, 2nd ed. The Williams and Wilkins 
Company; 1971. 

CD Denison. Orthopaedic Appliance Corporation, 220 
W. 28th St. Baltimore, MD. 

Kite JH. Exercise in foot disabilities. In: Basmajian JV, 
ed. Therapeutic Exercise. 3rd ed. Baltimore: Williams 
and Wilkins; 1978. p. 485-513. 

Nordin M, Frankel V. Basic biomechanics ofthe muscu- 
loskeletal system. 2nd ed. Philadelphia: Lea and 
Feibiger; 1989: 193, 201 

Pope M, Wilder D. Booth J. The biomechanics of low 
back pain. In: White AA, Gordon SL, eds. Symposium 
on idiopathic low back pain. CV Mosby: St. Louis, Mis- 
souri; 1982 

Brown T, Hanson R, Yorra A. Some mechanical tests on 
the lumbosacral spine with particular reference to the in- 
tervertebral disc. J Bone Joint Surg [AM]. 1957;39- 

А:1 135. 

Roaf R. A study of the mechanics of spinal injuries. J 
Bone Joint Surg [Br]. 1960;42-B:810. 

Goss CM, ed. Gray's Anatomy of the Human Body. 28th 
ed. Philadelphia: Lea & Febiger; 1966: 311 

Freiberg AH Vinke TH. Sciatica and sacro-iliac joint. J 
Bone Joint Surg. 1934;16:126-136. 





Medical portal MedWedi.ru 





— 


pem АА 





APPENDIX A 


Spinal Segment 
Distribution to Nerves 
and Muscles 


Charts 





APPENDIX A 


SPINAL SEGMENT DISTRIBUTION 
TO NERVES AND MUSCLES 


For anatomists and clinicians, the determination of spinal 
segment distribution to the peripheral nerves and mus- 
cles has been a difficult task. The pathway of the spinal 
nerves is obscured by the intertwining of the nerve fibers 
as they pass through the nerve plexuses. It is almost im- 
possible to trace the course of an individual nerve fiber 
through the maze of its plexus, so information regarding 
spinal segment distribution has been derived mainly from 
clinical observation. The use of this empirical method 
has resulted in a variety of findings regarding the seg- 
mental origins of these nerves and the muscles that they 
innervate. An awareness of possible variations is impor- 
tant in establishing the diagnosis and identifying the lo- 
cation of a nerve lesion. To focus attention on the range 
of variations that exist, the Kendalls tabulated informa- 
tion from six well-known sources. 


The chart on page 472 shows the spinal segment 
distribution to the nerves. The charts on page 468 through 
471 show the distribution to the muscles. The compila- 
tions derived from these charts became part of the Spinal 
Nerve and Muscle Charts. 

The symbols used in tabulating the reference mate- 
rial were as follows: 


1. A large X to denote a major distribution. 
2. A small x to denote a minor distribution. 


3. A parenthetical (x) to denote a possible or infre- 
quent distribution. 


For the chart Spinal Segment Distribution to Nerves 
(see p. 472), T2 was included in the brachial plexus by 
all the sources. Separate columns for T2 were not added 
to the upper extremity chart, however, because T2 con- 
tains only cutaneous sensory fibers. The information in 
the compilation columns on the two charts (see p. 472) 
has been converted from X symbols to numbers in the 
right column. This information regarding spinal segment 
distribution to the nerves appears at the top of the upper- 
and lower-extremity Spinal Nerve and Muscle Chart un- 
der the heading Peripheral Nerves. 

In the Kendall compilation of spinal segment sup- 
ply to the muscles as it appears in the last column on the 
right of the tabulation (Appendix), the x symbols repre- 
sent an arithmetical summary. As a general rule, the 
symbols were chosen as follows: 


1. If five or six authorities agreed that a spinal segment 
was distributed to a given muscle, then the nerve 
supply was indicated by a large X. 

2. If three or four authorities agreed, a small x was 
used. 

3. If only two authorities agreed, a small x in paren- 
theses was used. 


4. If only one authority mentioned the given distribu- 


tion, it was disregarded. (See the triceps tabulation 
as an example.) 


Triceps 
EE a Rm 0000 
Jas c6 ст cs T1 
Gray (1) X x 
deJong (2) x x х (х) 
Cunningham (3) E x x x 
Spalteholz (4) P 3 X x 3 (x) 
Foerster & Bumke (5) y (x) х х x 
EnG & Woodhall (6) X X Ж 
Totals 4 Р 6 6 4 
Kendall compilation x х x x 
Of triceps innervation ce C7 cs T1 





When one of the six sources did not specify the spinal 
segment, agreement among four or five sources was in- 
dicated by a large X. This occurred for the popliteus and 
for some intrinsic muscles of the foot. 

The tabulation of data focuses attention on the 
range of variations that exist among these sources, but 
the arithmetical summary indicates the extent of their 
agreement. Only in the case of three thumb muscles 
(opponens, abductor brevis, and superficial head of the 
flexor brevis) were the six authorities divided in their 
opinion, resulting in an apparent overstatement of the 
number of roots of origin. The method used in compil- 
ing the information resulted in all segments being listed 
with small x symbols (i.e., Сб, 7, 8, and T1), without 
major emphasis on any one segment. 

In most instances, the arithmetical summary pre- 
served the major emphasis on the spinal segments that 
provide innervation to the muscles. When the summary 
did not, exceptions were made. For example, all sources 
included C3, 4, 5 innervation to the diaphragm. All 
placed emphasis on C4, however, so only C4 was given 
a large X symbol. All sources also included the follow- 
ing spinal segment innervations: 


1. CS for the supinator. 

2. C8 for me extensor carpi radialis longus and brevis. 
3. LA for the adductor longus. 

4. L4 as a component of the sacral plexus. 


All sources represented these innervations by a small x 
symbol, indicating a minor distribution, and so the 
compilation preserved the lesser emphasis. All sources 
included T( 12) innervation to the lumbar plexus but in- 
dicated that it was a minimal supply, so T( 12) remained 
in parentheses in the compilation. 

Innervation was omitted in the compilation in two 
instances, because a discrepancy existed between the 


spinal segment innervation to the muscle and that to the 
peripheral nerve supplying the muscle. C8 innervation, 
which was mentioned by two of the sources as supply- 
ing the subscapularis, was omitted, because no indica- 
tion was observed that the upper or lower subscapular 
nerve received C8 innervation. Likewise, C(4), which 
was included by two sources for the teres minor, was 
omitted, because no indication was found that the axillary 
nerve received C4 innervation. In two other instances, 
innervation was added in the compilation. C6 and C7 
were added to the medial pectoral nerve. Above the com- 
municating loop, the medial pectoral nerve is composed 
of C8 and TI fibers. Below the loop, C7 and possible C6 
fibers (branching from the lateral pectoral nerve) join 
the medial pectoral nerve. The medial cord of the plexus 
is derived from C8 and ТІ, but the ulnar nerve, as the 
terminal branch of this cord, is listed as having a C7 
component in addition to C8 and Tl. Numerous 
anatomists (2-4) record this information, and some (7-9) 
indicate that the C7 component is variable. 


The compilation was modified regarding spinal seg- 
ment distribution to the upper and lower portions of the 
pectoralis major. In the muscle sections of the books used 
as references for the compilation, only one text (3) di- 
vided the pectoralis major muscle into upper and lower 
portions and listed the spinal segment innervation to each. 
Gray (1), however, in the description of the lateral and 
medial pectoral nerves, indicated that the lateral pectoral 
supplied the more cranial part of the muscle, whereas the 
medial pectoral, joined by two or three branches from the 
lateral, supplied the more caudal part. In addition, several 
other references (3, 6, 10) differentiated the peripheral 
nipply to the upper and lower parts. In certain lesions of 
the cervical region of the spinal cord, it has been noted, 
clinically, that the upper part of the pectoralis major has 
had normal strength while the lower part has been para- 
lyzed. This observation suggests a difference in spinal 
segment innervation to the parts of the muscle. Based on 
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the above information, the compilation distinguishes be- 
tween the upper and lower parts of the pectoralis major 
in regard to spinal segment distribution. 

The results of the compilation (see pp. 469 and 471) 
have been used in the spinal segment column on the 
nerve-muscle charts. The X symbols have been con- 
verted to numbers that indicate the specific spinal seg- 
ment. In the nerve-muscle charts, the major emphasis, 
as designated in the compilation by large X symbols, has 
been obtained by using numbers in bold type while those 
used for minor emphasis are not bold. Possible or infre- 
quent innervation has been obtained by numbers in 


parentheses 
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APPENDIX В 


Isolated Paralysis of the 
Serratus Anterior Muscle 
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INTRODUCTION 


Isolated paralysis of the serratus anterior is an entity that 
should be more widely understood. Early recognition, 
followed by treatment that is comparatively simple, al- 
though prolonged, usually leads to a satisfactory out- 
come. The purpose of this paper is to present informa- 
tion pertaining to the clinical picture, anatomy, etiology, 
and treatment of the condition and to discuss our expe- 
rience with twenty cases. 


Less than 250 cases of isolated paralysis of the 
serratus anterior have been presented in the literature 
since Velpeau's first report in 1837. Only two series of 
more than seven cases have been collected.’-’ Fully thirty 
methods of treatment, many of them surgical, have been 
advocated. Prognosis has varied from very good to very 
poor. The explanations of the etiology have differed 
widely. The sole aspect that many descriptions have in 
common is the clinical picture. 
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CLINICAL PICTURE 


Paralysis of the serratus anterior may come on immedi- 
ately after a hard blow or after a chronic strain of the neck 
and shoulder regions. Frequently it may appear insidi- 
ously and sometimes even painlessly. In general, however, 
there is first noted an aching or "burning" discomfort of 
varying degrees of severity in the neck and shoulder, lo- 
calized vaguely in the region of the scaleni. The pain may 
radiate down the arm or around toward the scapular area. 
This is followed, perhaps a day or two later, by inabil- 
ity to raise the arm properly and by winging of the scapula. 
After the weakness has been well established, the patient 
complains of a fleeting ache relieved by rest, inability 
to elevate the arm satisfactorily, and rapid tiring, as well 
as the deforming effect of a winged scapula. 

The fully developed case of paralysis of the serratus 
anterior shows the classical picture of posterior winging of 
the scapula. This is usually accompanied by an inability 
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Figure 1A: Normal position of the scapula at rest. 

Figure 1B: In serratus weakness the scapula rotates backward and up- 
ward, stretching the lower fibers of the trapezius. The rhomboids are 
shortened and contracted. 
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Figure 2B:The brace holds the lower portion of 
the scapula in forward rotation and abduction 
and presses it against the chest wall to limit 
winging; almost complete abduction of the arm 


Figure 2A: Paralysis of the serratus anterior on the 
right. Note the winging and rotation of the scapula. 
There is inability to abduct the scapula and hence 


inability to abduct the arm. 
is possible. 





Figure 2D: View of the brace from the front. By 
counterpressure against the chest wall, the padded 
disks give firm stabilization of the scapular cup 
posteriorly. 


Figure 2C: Photograph showing the brace in a posi- 
tion of rest. The cup fits snugly over the lower two 
thirds of the scapula, holding it in a position of 
abduction and preventing drooping of the shoulder 
or chronic stretch of the serratus anterior. 
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to abduct the arm beyond 90 degrees (Fig. 2A). During 
attempts to do push-up exercises or efforts to perform 
other exercises which require strong anterior scapular 
fixation to the chest wall, the winging becomes very 
marked. Generally the shoulder is displaced forward and 
droops to some extent. There is frequently secondary 
weakness of some protagonist muscles, particularly the 
inferior portion of the trapezius, often accompanied by 
a tightness, sometimes painful, of certain antagonist 
muscles such as the rhomboids and pectoralis minor. 


ANATOMICAL CONSIDERATIONS 


The syndrome is well explained by the anatomy of the 
long thoracic nerve and its relationship to the serratus 
anterior. The long thoracic nerve or external respiratory 
nerve of Bell is almost unique in that it arises directly 
from the spinal nerve roots, carries no known sensory 
fibers, and goes to a single muscle of which it is the sole 
innervation of consequence. It originates from the ante- 
rior branches of the fifth, sixth, and seventh cervical 
roots, except for a few minor variations of this pattern 
described by Horwitz and Tocantins. The upper two 
branches of origin pass through the scalenus medius and 
unite with the third branch just below this point. The 
nerve then descends under the brachial plexus and down 
the anterolateral aspect of the chest wall, giving off on 
its way branches to the serratus digitations. 


The serratus anterior is broad and flat; it arises in the 
form of multiple digitations from the upper eight or nine 
ribs in the anterior axillary line, and attaches to the deep 
surface of the scapula along its vertebral border. Its pri- 
mary function is to draw the scapula forward. This action 
causes the entire shoulder to be brought anteriorly by a 
movement at the sternoclavicular joint. The movement of 
stretching forward, as in fencing, is due to this action of 
the muscle. Furthermore, by its relation to the inferior an- 
gle of the scapula, the serratus anterior causes, along with 
the trapezius, a rotation of the scapula, which results in a 
tilting upward of the glenoid cavity, thus facilitating the 
upward movement of the arm above the head (Fig. 1 A). 


ETIOLOGY 


It is difficult to understand how a single muscle extend- 
ing over such an extensive area and so well protected 
could be completely knocked out of action by direct 
trauma without considerable involvement of its neigh- 
bors. In an analogous situation, trauma or other irritation 
to any or all ofthe three nerve roots, or to the spinal cord, 
could hardly have such a selective action on only one 
particular nerve. Therefore, it is reasonable to assume 
that the pathological condition underlying this lesion is 
located in the long thoracic nerve itself. The cause of this 
condition, however, is another and far more difficult 
matter to explain. 


Some cases are indisputably traumatic in origin, be- 
ginning immediately after a severe blow, fall, or sudden 
maJforming twist and strain which force the shoulder 
downward and backward. Others follow more sustained 
or chronic traumata, such as prolonged carrying of a 
heavy knapsack, arduous shoveling, strenuous games of 
tennis, and the like. The marked preponderance of cases 
occurring on the right side in this series, coupled with 
the 83 percent, preponderance of those cases in the lit- 
erature in which the side was noted, may be statistically 
significant and could provide some clue to the etiology. 
In a number of cases the condition developed gradually 
several days or more after operative or obstetrical pro- 
cedures, perhaps because of cramped positions of phys- 
ical strain while the patient was under the relaxing ef- 
fects of anesthesia. In others it has been reported as toxic 
in origin after certain infectious or viral diseases. In 
some it has even followed the injection of sera, vaccines, 
and the more common antibiotics and has been re- 
garded as a sequel to an allergic reaction. 


Of 111 cases reported since 1925, thirty-five were 
attributed to acute trauma, sixteen to recurrent trauma, 
thirteen to postinfectious conditions, eight to injections, 
six to postpartum complications, and seven to postoper- 
ative complications. Thirteen were of unknown etiology. 
In addition. Hansson’ ascribed thirteen cases to expo- 
sure to cold. These diverse predisposing factors are very 
similar to those held responsible for the development of 
Bell's facial palsy and other single nerve palsies such as 
those of the radial, peroneal, and axillary nerves. This 
fact, combined with the similarity of the clinical pic- 
tures, recovery patterns, and anatomical relationships, 
seems to indicate a common pathological picture of 
nerve trauma or nonspecific "neuritis" which links these 
varied isolated paralyses with isolated paralysis of the 
serratus anterior. 


EXAMINATION 


The value of a careful muscle examination can hardly 
be overemphasized, not only in arriving at a proper 
diagnosis, but in differentiating isolated paralysis of the 
serratus anterior from other conditions which may re- 
semble it superficially. The clinical picture has already 
been touched upon. Since the most striking feature is 
winging of the scapula, tests must be made to evaluate 
the integrity of the serratus anterior and its power to 
abduct the scapula, to rotate its inferior angle forward 
against the chest wall and, secondarily, to assist in rais- 
ing the arm. The simplest method of testing this muscle 
is to have the patient standing and facing a wall. The 
arms are outstretched and the palms of the hands are 
placed against the wall at shoulder level, or slightly 
above, with the elbows straight, and are pushed hard 
against the wall. Ifthe muscle is paralyzed, the winging 
of the scapula will be instantly apparent. There are other 
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confirmatory tests, made with the patient supine and sit- 
ting, as described by Kendall and Kendall. 


DIFFERENTIAL DIAGNOSIS 


Differentiating isolated serratus anterior palsy from other 
conditions requires the taking of a detailed history, and 
acareful muscle check of at least the whole shoulder 
girdle. Careful examination with an understanding of 
the pathology of this entity will eliminate neurological 
disease which has attacked the cord or nerve roots, be- 
cause in such conditions other weaknesses and neuro- 
logical changes will be found which conform to charac- 
teristic anatomical patterns. Generalized involvements, 
such as anterior poliomyelitis, combined sclerosis, the 
dystrophiae and atrophiae, will present spotty or more 
extensive weaknesses not compatible with secondary 
adaptation to involvement of a single nerve and a single 
muscle. A number of the patients herewith presented 
were referred with erroneous diagnoses ranging from 
subacromial bursitis to Guillain-Barré syndrome. One 
patient had had a scaleniotomy and a cervical laminec- 
tomy. One of our own cases was at first believed to be 
unrecognized poliomyelitis, because of the associated 
weakness of a stretched lower segment of the trapezius. 
Another patient, on the other hand, was originally con- 
sidered to have a bilateral serratus anterior syndrome un- 
tila more careful muscle check revealed the lesion to be 
an early muscular dystrophy of the scapulohumeral type. 


TREATMENT 


As has been stated, fully thirty methods of treatment, 
many of them surgical, have been recommended. When 
the diagnosis has been made and the anatomy of the 
condition is understood, treatment should follow rational 
lines. The long thoracic nerve will recover spontaneously 
in the great majority of cases in from three to six months. 
Therefore, during this period, therapy should be directed 
toward guarding the serratus anterior and its protago- 
nists from overstretching, and toward strengthening these 
muscles as rapidly as possible. Similarly the contracted 
and often painful antagonist muscles should be stretched 
to prevent scapular fixation in the abnormal position. 
The use of a shoulder spica, as advocated by 
Berkheiser and Shapiro, or the elevation and derotation 
brace method, as described by Horwitz and Tocantins, 
are sound procedures but rather severe, as they incapac- 
itate the patient for a number of months. The scapular 
cup devised by Wolf and used by us in several cases 
seemed theoretically to be the best ambulatory treat- 
ment, as it allowed freedom of both arms. However, we 
found this brace quite difficult to fit satisfactorily and 
many patients would not tolerate it. After a number of 
alterations, a brace has been evolved (Figs. 2B, 2C, 2D, 
and 3) which is light, comfortable, and gives better 
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Figure 3. The brace itself weighs little over a pound. 
It is made of tempered, slightly springy brace steel, 
three-sixteenths of an inch thick and five-eighths of 
an inch wide. The padded steel cup and the disks 
are covered by leather. The cup is fitted to the indi- 
vidual scapula, with the patient's arm lying in full 
passive abduction. 


scapular support than any we have previously used. Its 
main virtue is that the patients like it and will wear it 
constantly. With it they can lead a normal life, provided 
that heavy use of the affected arm is not required, yet 
they seem to get as good support as from a shoulder 
spica and the results are as good. Its use is also recom- 
mended in other conditions, such as poliomyelitis, in 
which serratus anterior weakness is a major factor. 
Before this brace was perfected we used a rein- 
forced canvas shoulder brace (Fig. 4) in some of the 
cases with milder involvement; we still recommend its 
use for the later stages of the condition when tests of the 
serratus show only slight weakness. This canvas brace 
partially limits the winging and rotation of the scapula, 
but obviously cannot prevent the adduction in cases in 
which the serratus anterior has been severely weakened. 
The indications for operation seem meager in a con- 
dition in which there is such a relatively good prognosis 
on a conservative regimen. Some of the cases reported 
in the literature in which operation was performed seem 
to have been inadequately or impatiently treated. The 
fact that several of our patients were seen a year after the 
onset of symptoms indicates that failure to provide pro- 
tection will frequently prevent recovery, while institu- 
tion of protection will promote recovery even at a late 
date. Many of the good results attributed to operations, 
such as fascial fixation or muscle transplantations, have 
been due, it is believed, to the mere reinforcing of a 
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Figure 4: Photograph of the canvas shoulder brace. 

Heavy steel stays on each side of the back and tight 
straps across the chest hold the scapula to the chest 
wall. The buckle on top of the shoulder can be tight- 
ened and tends to derotate the scapula. 

Adduction of the scapula is not prevented. 


muscle the function of which was already returning. On 
the other hand, operations seem indicated when there is 
proved irreparable damage to the long thoracic nerve, 
when a thorough and adequate conservative course of 
treatment has failed, or sometimes when the serratus 
anterior palsy is part of another disease, such as po- 
liomyelitis. 

Enthusiasm for conservative treatment is not to be 
understood as a condoning of inadequate treatment. 
Admittedly the course of therapy is long and arduous 
and requires specialized care. Although only one mus- 
cle is originally and primarily involved, there is pro- 
duced a definite effect upon its antagonists and protag- 
onists. Antagonists, such as the rhomboids, relieved of 
the duty of balancing the normal serratus pull, become 
contracted and excessively strong. The trapezius, espe- 
cially its lower and middle thirds, although a competi- 
tor as an adductor, is an assistant in the complex rota- 
tory control of the scapula (Fig. 1) and tends to become 
stretched and weakened. However, it is possible to 
strengthen the trapezius sufficiently to resist this stretch 
(Fig. 5) and even to compensate partly for a weak ser- 
ratus anterior in obtaining full abduction. This strength- 
ening of the lower fibers of the trapezius is one of the 
major aims in therapy and does much to minimize the 
continuous elongation of the serratus anterior which so 








delays its recovery. Patients are cautioned to forego 
any strenuous activity which abuses the weakened 
structures. Careful stretching of contracted and often 
painful antagonist muscles, such as the rhomboids and 
the pectoralis minor, completes the plan of treatment. 

The outline of treatment here presented is a combi- 
nation of physical therapy and brace protection, which 
has proved satisfactory in our more recent cases. 


OUTLINE OF TREATMENT 


For complete paralysis of the serratus anterior: The 
brace should be worn day and night. Exercises should 
consist of muscle-setting, exercising the serratus anterior 
in its function as a rotator of the scapula: With the pa- 
tient supine, the arm is placed overhead, resting on one 
or two pillows, and the patient is asked to press the arm 
down on the pillow (in the direction of completing arm- 
raising overhead). He should be made aware of trying to 
bring the inferior angle of the scapula forward during 
this movement and may be encouraged to palpate the 





Figure 5: Photograph of a patient with serratus an- 
terior palsy but with strong lower trapezius fibers 
which prevent backward rotation of the lower bor- 
der of the scapula on abduction and allow full 
movement. (Reproduced by permission from Mus- 
cles: Testing and Function, by Henry O. Kendall and 
Florence P. Kendall, p. 127 Baltimore, The Williams 
and Wilkins Co., 1949.) 


serratus anterior with his opposite hand during this ex- 
ercise. Although abduction of the scapula is a function 
of the serratus anterior, exercises involving abduction of 
the scapula are avoided because of the frequency of as- 
sociated trapezius weakness. 

For moderate weakness of the serratus anterior: 
The brace should be worn during the day, but not nec- 
essarily at night. Exercise: With the patient supine, the 
therapist flexes the arm slightly beyond 90 degrees; the 
patient is instructed to continue to elevate the arm and at 
the same time press it toward the table against slight re- 
sistance. The amount of resistance should be dependent 
upon the ability of the patient to bring the inferior angle 
of the scapula forward in the normal rotation action of 
the serratus anterior. This exercise also helps strengthen 
the lower fibers of the trapezius. (If the scapula rotates 
backward instead of forward, the resistance is too great.) 

For slight weakness of the serratus anterior: Weak- 
ness may be considered slight when the patient is able 
to raise the weight of the arm in movements requiring 
scapular fixation, but is unable to take resistance or to 
lift any additional weight. The canvas brace or the metal 
brace should be worn during any activity which requires 
lifting a weight with the affected arm. Exercises should 
be begun in a sitting or standing position, the weight of 
the extended arm being raised forward in flexion and 
sideways in abduction through full range to complete 
overhead extension elevation. 

For tightness of shoulder adductors: With the in- 
ability to raise the arm through a full range of motion, 
the problem of adaptive shortening of the shoulder ad- 
ductors may be encountered. If examination reveals a 
limitation of motion in passive raising of the arm over- 
head, treatment should be directed toward maintaining 
normal length of these muscles. Heat and massage should 
be applied to the shoulder adductors. Passive stretching 
of the arm in overhead extension should be done by the 
therapist to avoid strain on the weak serratus anterior, 
and it is preferable that the patient be supine on the treat- 
ment table in order to keep the scapula braced against 
the table and to avoid winging of the scapula. 

For tightness of the rhomboids: The rhomboids, 
being direct opponents of the serratus anterior, tend to 
shorten. There may be pain in this region, associated 
with the muscle tightness. Heat and massage should be 
applied to the rhomboids. The arm should be raised 
passively overhead while pressure is applied along the 
vertebral border of the scapula, bringing the inferior 
angle of the scapula through the normal range of 


rotation. 


MATERIAL AND RESULTS 


Twenty cases of isolated paralysis of the serratus ante- 
rior are herewith presented and analyzed. Of these, sev- 
enteen have had the benefit of complete examination of 
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the muscles of the involved shoulder girdles and arms 
and twelve have had repeated muscle examinations. The 
right side was involved in eighteen cases, the left side in 
two cases. The ages of the patients ranged from nine to 
fifty years, the average being 32.7 years. The sex distri- 
bution was evenly divided. The duration of symptoms at 
the first visit was from one week to one year, the aver- 
age being seventeen weeks. The etiology, in so far as it 
could be determined, was recorded as follows: acute 
trauma, two; chronic trauma, five; postpartum complica- 
tion, one; postinfectious complication (generally diag- 
nosed as "virus"), three; postinjection complication, four 
(tetanus antitoxin, two; penicillin, two); and no known 
cause, five. 

Strength of the serratus anterior at the first visit 
ranged from 0 to 30 percent, with an average of 10 per- 
cent; at the third month, it was from 45 to 60 percent, 
with an average of 50 percent, in eight recorded cases; 
at the sixth month, strength of the serratus anterior was 
from 70 to 100 percent, with an average of 85 percent, 
in ten recorded cases. In seven cases, follow-up was in- 
complete or the lesion was too recent for evaluation. 

The associated trapezius strength was as follows: 
upper trapezius fibers, average 100 percent; middle and 
lower trapezius fibers, average 65 percent. 

Associated rhomboid and pectoral tightness was 
noted in thirteen cases and was not mentioned in seven. 

Treatment was by the scapular cup type of brace in 
eleven, by canvas shoulder brace in six, and by physical 
therapy and sling alone in three. 

At six months the relation of treatment to the end re- 
sults could be evaluated as follows: In six patients treated 
with the scapular cup type of brace, the average serratus 
anterior power was 90 percent; in two patients treated with 
the canvas brace, the average serratus anterior power was 
80 percent; and in two patients treated by physical therapy 
alone, the average serratus anterior power was 85 percent. 


Note: The authors wish to acknowledge with grat- 
itude the technical assistance of Mr. Walter Wolfing 
in the construction of the scapular cup type of brace. 
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Serratus Magnus Muscle. Caused by Lesions of the Long 
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Abduction. See Joint motions. 

Active insufficiency. The inability of a class III or class 
IV two-joint (or multi-joint) muscle to generate an 
effective force when placed in a fully shortened posi- 
tion. The same meaning is implied by the expression 
"the muscle has been put on a slack." (See p. 13) 

Adaptive shortening. Tightness that occurs as a result of 
a muscle remaining in a shortened position. 

Adduction. See Joint motions. 

Agonist. A contracting muscle whose action is opposed 
by another muscle (antagonist). 

Alignment. The arrangement of body segments as seen 
in various postural positions. See ideal alignment and 

faulty alignments on pp. 60-98. 

Anatomical position. Erect posture with face forward, 
arms at sides, forearms supinated so that palms of the 
hands face forward, and fingers and thumbs in exten- 
sion. The anatomical position is the reference for 
terms relating to joint motions, planes, axes, surfaces, 
and directions, and is the zero position for measuring 
joint motion. 

Antagonist. A muscle that works in opposition to an- 
other muscle (agonist); opponent. 

Anterior. See Direction and Surfaces. 

Anterior pelvic tilt. See Pelvic tilt. 

Anterior-posterior plane. See Planes. 

Articulation (as used in this text). A musculoskeletal, 
bone to muscle to bone connection. Articulations are 
named according to the bone of muscle origin and the 
bone of muscle insertion. 

Assessment. See Tests and Measurements. 

Asymptomatic. Having no subjective complaints; pre- 
senting no symptoms of disease or dysfunction. 

Axes. Lines, real or imaginary, about which movement 
takes place. There are three basic types of axes at right 
angles to each other: 


Coronal axis. A horizontal line extending from side to 
side, about which the movements of flexion and exten- 
sion take place. 

Longitudinal axis. A vertical line extending in a cran- 
iocaudal direction about which movements of rotation 
take place. 


Medical portal Меам 


G-1 


Glossary 


Sagittal axis. A horizontal line extending from front 
to back, about which movements of abduction and 
adduction take place. 


Axial line. A line of reference in the hand or foot. In the 
hand, the axial line extends in line with the third 
metacarpal and the third digit Jn the foot, the axial 
line extends in line with the second metatarsal and the 
second digit. 

Body mechanics. The science concerned with static and 
dynamic forces acting on the body; the efficient or 
inefficient use of these forces in relation to body posi- 
tions and movements. 

Bowlegs. Legs curve outward. 


Structural bowing involves actual bowing of the 
bones of the lower extermities; genu varum. 

Postural bowing is an apparent bowing that results 
from a combination of pronation of the feet, hyper- 
extension of the knees, and medial rotation of the 
hips. 


Break test. A muscle strength test used to elicit the 
maximal effort exerted by a subject who is perform- 
ing an isometric contraction as the examiner applies 
a gradual build-up of pressure to the point that the 
effort by the subject is overcome, i.e., the "breaking 
point." The break test is applicable for grading 
muscle strength of fair+ (6) through good+ (9) but 
not for grades of fair or below, nor for the grade of 
normal. 


Center of gravity. That point on a body; freely acted 
upon by the earth's gravity, about which the body is in 
equilibrium; the point at which the three midplanes of 
the body intersect. In an ideally aligned posture, it is 
considered to be slightly anterior to the first or second 
sacral segment. 

Circumduction. See Joint motions. 

Clockwise rotation. See Joint motions—Rotation. 

Compression. The force (or stress) that tends to shorten 
a body or squeeze it together. See Tension, 2 for oppo- 
site meaning. 

Concentric contraction. See Contraction. 








Contractility. The property of a muscle that enables it to 
generate an effective force (produce tension). See 
Tension. 1. 

Contraction. An increase in muscle tension, with or 
without change in overall length. 


Concentric. A shortening contraction; an isotonic 
contraction. 

Eccentric. A lengthening contraction. 

Isometric. Increase in tension without change in mus- 
cle length. 

Isotonic. Increase in tension with change in muscle 
length (in the direction of shortening); concentric con- 
traction. 


Contracture. A marked decrease in muscle length; 
range of motion in the direction of elongating the 
muscle is markedly limited. 


Irreversible contracture. A contracture that cannot 
be released by treatment because elastic tissue has 
been replaced by inelastic tissue. 


Contraindication. A sign or symptom that indicates that 
a particular treatment or procedure is not appropriate. 

Contralateral. On the opposite side. 

Coronal axis. See Axes. 

Coronal plane. See Planes. 

Counterclockwise rotation. See Joint motions— 
Rotation. 

Criteria. Standards upon which a decision can be based; 
established rules or principles for any given test. 

Curves of the spine. Cervical, thoracic, lumbar (flexible 
curves), and sacral curve (fixed curve). 


Normal curves. Slightly anterior in the cervical region, 
slightly posterior in the thoracic region, slightly ante- 
rior in the lumbar region, and posterior in the sacral 
region. 

Abnormal curves. See Kyphosis, Lordosis, Sway- 
back posture, and Scoliosis. 


Diagnosis. The identification and classification of a dis- 
ease, injury, or dysfunction based on examination 


findings. 


Musculoskeletal diagnosis is the identification and 
classification of musculoskeletal dysfunction. 


Diagnostic. Useful in determining a diagnosis; pertain- 
ing to the art and science of distinguishing one injury, 
disease, or dysfunction from another. 

Direction. 


Anterior. Toward the front or ventral surface. 
Posterior. Toward the back or dorsal surface. 
Caudal. Downward, away from the head; (toward the 
tail). 

Cranial. Upward, toward the head. 

Distal. Farther from the center or median line, or from 
the trunk. 








Proximal. Nearer to the center or median line, or to 
the trunk. 

Lateral. Away from the midline. 

Medial. Toward the midline. 


Distal. See Direction. 

Dorsiflexion. See Joint motions. 

Dysfunction. Inability to function properly; functional 
impairment; or disability. 

Eccentric contraction. See Contraction. 

Evaluation. See Tests and Measurements. 

Eversion. A combination of pronation and forefoot 
abduction; talipes valgus. (Eversion is more free in 
dorsiflexion than in plantar flexion.) 

Examination. See Tests and Measurements. 

Extensibility. The property of muscle that permits it to 
lengthen or be elongated. 

Extension. See Joint motions. 

External rotation. See Joint motions—Lateral rota- 
tion. 

Fixation. Includes stabilization, support, and counter- 
pressure; implies holding firm. 

Flexibility. The ability to readily adapt to changes in 
position or alignment; may be expressed as normal, 
limited, or excessive. 

Flexion. See Joint motions. 

Frontal plane. See Planes. 

Genu valgum. Knock-knees. 

Genu varum. Bowlegs. 

Goniometer. An instrument for measuring angles and 
determining range of joint motion. 

Gravity line. A vertical line through the center of grav- 
ity: a line analogous to the intersection of the midsag- 
gital and midcoronal planes. 

Horizontal abduction. See Joint motions. 

Horizontal adduction. See Joint motions. 

Hyperextension. See Joint motions. 

Ideal alignment. The alignment used as a standard when 
evaluating posture. (See pp. 60, 65, and 73.) 

Impingement An encroachment on the space occupied 
by soft tissue, such as nerve or muscle. In this text, 
impingement refers to nerve irritation (i.e., from pres- 
sure or friction) associated with muscles. 

Indication. A sign or symptom that points out that a par- 
ticular treatment or procedure is appropriate. 

Internal rotation. See Joint motions—Medial rota- 
tion. 

Intervening muscles. Muscles that hold an adjacent part 
(usually an arm or a leg) firmly fixed to the bone of 
insertion, thereby providing a longer lever for the pur- 
pose of testing and grading muscle strength. 
Examples: posterior Deltoid in Trapezius test, shoul- 
der flexors in Serratus anterior test. 

Inversion. A combination of supination and forefoot 
adduction; talipes varus. (Inversion is more free in 
plantar flexion than in dorsiflexion.) 

Ipsilateral. On the same side. 
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Isometric contraction. See Contraction. 

Isotonic contraction. See Contraction. 

Joint (as used in this text). A skeletal, bone to bone con- 
nection, held together by fibrous, cartilaginous or syn- 
ovial tissue. Joints are named according to the bones 
that are held together. 

Joint Motions. 


Abduction and Adduction. Movement about a sagittal 
axis in a coronal plane; ie., in a sideways direction. 
Abduction is movement away from, and adduction is 
movement toward, the midsaggital plane of the body, 
except for fingers, toes, and thumb. For fingers and toes, 
abduction is movement away from, and adduction is 
movement toward the axial line of the hand or foot. For 
the thumb, abduction is movement away from, and 
adduction is movement toward, the palm of the hand. 
Circumduction. A circular (conical) movement that 
results from a combination of flexion, extension, 
abduction, adduction, and rotation. 

Dorsiflexion. Ankle joint extension; opposite of plantar 
flexion. (Often mistakenly called flexion.) (See pp. 


370-371.) 

Extension. See Flexion and Extension. 

Flexion and Extension. In general, flexion means 
bending and extension means straightening. This 
meaning is applicable to the hinge joints in the body, 
ie. the elbow joint, the finger joints, and the knee 
joint The meaning also is applicable to the thoracic 
spine. However, this simple definition does not suffice 
for other extremity joints, neck, and low back. 
Technically, flexion and extension are movements 
about a coronal axis in a sagittal plane (i.e., in anterior 
and posterior directions). Flexion is movement in the 
anterior direction, and extension is movement in 
the posterior direction for all extremity joints except 
the knee, ankle, foot, and toes. For these exceptions, 
flexion is movement in a posterior direction and exten- 
sion in an anterior direction. See explanation, p. 56. In 
the neck and low back, flexion is movement of the 
spine in a posterior direction, i.e., moving from a posi- 
tion of anterior convexity to a straight position. 
Horizontal abduction and adduction. Movements of 
the arm about a longitudinal axis in the transverse 
plane; abduction is movement away from the midline 
and adduction is movement toward the midline. 
Hyperextension. 1. Movement beyond the normal 
range of joint motion in extension. 2. A position of 
extension that is greater than normal postural align- 
ment but not beyond the normal range of joint motion. 
It is seen as a lordotic position of the cervical spine in 
a typical forward-head posture, as a lordosis of the 
lumbar spine along with anterior pelvic tilt, and as hip 
joint extension in a sway-back posture. 

Plantar flexion. Ankle joint flexion; opposite of dorsi- 
flexion. (Often mistakenly called extension.) (See p. 22.) 
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Rotation. Movement about a longitudinal axis in a 

transverse plane. 
Lateral or external rotation. Turning the anterior 
surface of the extremity away from the midline of 
the body. 
Medial or internal rotation. Turning the anterior 
surface of the extremity toward the midline of the 
body. 
Clockwise rotation. Used in describing rotation of 
the thorax or pelvis. With the transverse plane as a 
reference and 12 o'clock at midpoint anteriorly, 
rotation forward on the left is clockwise rotation. 
(Also described as facing toward the right.) 
Counterclockwise rotation. Used in describing 
rotation of the thorax or pelvis. With the transverse 
plane as a reference and 12 o'clock at midpoint 
anteriorly, rotation forward on the right is counter- 
clockwise rotation. (Also described as facing 
toward the left.) 

Knock-knees. Knees touch with feet apart; genu val- 
gum. 

Kyphosis. An abnormal posterior curve, usually found in 
the thoracic region of the spine. As such, it is an exag- 
geration of the normal posterior curve. If used with- 
out any modifying word, it refers to a thoracic kypho- 
sis. In the low back, there is, occasionally, a lumbar 
kyphosis which is a reversal of the normal anterior 


curve. 

Lateral. See Direction and Surfaces. 

Lateral flexion. Side bending; movement in which the 
body bends toward the side of concavity while the 
spine curves convexly toward the opposite side. 
(Curves of the spine are named according to the con- 
vexity; a curve to the right is lateral flexion toward the 


left.) 

Lateral pelvic tilt. See Pelvic tilt. 

Lateral rotation. See Joint motions. 

Lordosis. An abnormal anterior curve, usually found in 
the lumbar region, and as such is an exaggeration of 
the normal anterior curve (avoid use of the term "nor- 
mal lordosis"); often called "hollow back." It is 
accompanied by anterior pelvic tilt and hip joint flex- 
ion. If used without any modifying word, it refers to a 
lumbar lordosis. In the thoracic region, occasionally, 
there is a slight lordosis which is a reversal of the nor- 
mal posterior curve. In a typical forward head posi- 
tion, the neck is in a position of extension that is 
greater than the normal anterior curve and as such 
resembles a lordosis. 

Measurable test. A test that is quantifiable, based on a 
standard. One of the criteria for muscle length and 
strength tests. 

Medial. See Direction and Surfaces. 

Medial rotation. See Joint motions. 

Median or midsagittul plane. See Planes. 

Mobility. Ability to move freely. 





Muscle balance. A state of equilibrium that exists when 
there is a balance of strength of opposing muscles act- 
ing on a joint, providing ideal alignment for move- 
ment and optimal stabilization. 

Muscle imbalance. Inequality in strength of opposing 
muscles; a state of muscle imbalance exists when a 
muscle is weak and its antagonist is strong; leads to 
faults in alignment and inefficient movement. 

Muscle Length. The extent to which a muscle can be 
elongated. 

Neutral position of the pelvis. One in which anterior- 
superior spines are in the same transverse plane, and 
the anterior-superior spines and the symphysis pubis 
are in the same vertical plane. 

Normal. Conforming to a standard. See normal align- 
ment, pp. 60, 65 and 73; normal flexibility according 
to age, pp. 101-103; normal range of motion, pp. 296 
and 374; and normal strength, p. 24. 

Normal flexion of lumbar spine. Straightening or flat- 
tening of the lumbar spine. 

Ober test. A test for tightness of the Tensor fasciae latae 
and the Oiotibial band. (See p. 57.) 

Objective. Pertaining to findings evident to the exam- 
iner. See Sign. 

Optimal strength test position. Completed range of 

motion for one-joint muscles and class II two-joint 

muscles; a position within the mid-range of the over- 
all length for class III and class IV two-joint or multi- 

joint muscles. (See p. 13.) 

Optimal test position. Completed range of motion for 

one-joint muscles; a position within the mid-range of 

the overall length for two-joint muscles. 

Overstretch. Stretch beyond the normal range of muscle 

ength. 

Overstretch weakness. Weakness in a two-joint (or 
multi-joint) muscle resulting from repetitive move- 
ments or habitual positions that elongate the muscle 
beyond normal range of muscle length. 

Passive insufficiency. Shortness of a two-joint (or multi- 
joint) muscle; the length of the muscle is not sufficient 
to permit normal elongation over both joints simulta- 
neously, e.g., short Hamstrings. 

Passive range of motion. Movement through available, 
pain-free range of motion, performed by another indi- 
vidual without participation by the subject. 

Pelvic tilt. An anterior (forward), a posterior (backward), 
or a lateral (sideways) tilt of the pelvis from neutral 
position. (See also Neutral position of the pelvis.) 





Anterior tilt. Pelvic tilt in which the vertical plane 
through the anterior-superior spines is anterior to the 
vertical plane through the symphysis pubis. 

Posterior tilt. Pelvic tilt in which the vertical plane 
through the anterior-superior spines is posterior to the 
vertical plane through the symphysis pubis. 

Lateral tilt. Pelvic tilt in which the crest of the ilium 
is higher on one side than on the other. 





Planes. Two-dimensional, flat surfaces, real or imagi- 
nary, at right angles to each other. 


Coronal (frontal or lateral) plane. A vertical plane, 
extending from side to side, dividing the body into an 
anterior and a posterior portion. 

Sagittal (anterior-posterior) plane. A vertical plane, 
extending from front to back. The midsaggital (or medi- 
an) plane divides the body into right and left halves. 
Transverse plane. A horizontal plane, dividing the 
body into upper (cranial) and lower (caudal) portions. 


Plantar flexion. See Joint motions. 

Plumb line. A line (piece of cord) to which is attached a 

plumb bob (a small lead weight). When suspended, it 

represents a vertical line. When used for analyzing 
standing posture, it must be suspended in line with 
ixed points, namely, midway between heels in poste- 

rior view, and just anterior to the lateral malleolus in a 

ateral view. 

Posterior. See Direction. 

Posterior pelvic tilt. See Pelvic tilt. 

Practical test. A test that is relatively easy to perform 
and requires a minimum of equipment. One of the cri- 
teria for muscle length and strength tests. 

Pressure. In muscle testing, the force applied by the 
examiner to elicit the strength of a muscle holding in 
test position. (Pertains to muscles grading fair+ (6) or 
better.) 

Pronation. A rotation movement. Pronation of the fore- 
arm occurs when the distal end of the radius moves 
from the anatomic lateral position (supination) to a 
medial position, causing the hand to face posteriorly. 
Pronation of the foot occurs when the foot rotates so 
that the sole of the foot faces in a somewhat lateral 
direction. In standing, weight is on the inner side of 
the foot. 

Prone. Lying face downward; face-lying. 

Protective muscle spasm. A reflex muscle spasm by 
which nature "splints" or immobilizes a part to avoid 
movement that would cause further irritation of the 
injured structure. 

Proximal. See Direction. 

"Put on a slack". Placing the muscle in a shortened 
position in which it is incapable of developing enough 
tension to exert an effective force. (Applies to class III 
and IV two-joint muscles but not to one-joint or class 
II two-joint muscles. See Active insufficiency.) 

Radiograph. A photographic film produced as a result 
of taking an x-ray. 

Range of motion. The range, usually expressed in 
degrees, through which a joint can move or be 
moved. 

Referred pain. Pain that is felt at some distance from its 
source. 

Reliable test. A test that produces the same results on 
successive trials. One of the criteria for muscle length 
and strength tests. 
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Resistance. A force tending to hinder motion; in muscle 
testing, refers to resistance by the examiner or by 
gravity during test movements. 

Reverse action. With the insertion fixed, the muscle 
contracts to move the origin toward the insertion. 

Rotation. See Joint motions. 

Round shoulders. Forward shoulders. 

Round upper back. A kyphosis. 

Sagittal axis. See Axes. 

Sagittal plane. See Planes. 

Scoliosis. Lateral curvature of the spine. The spine may 
curve toward one side only or may have compensatory 
curves. A lateral curve convex toward the right is a 
right curve and vice versa. 

Shortness. Tightness; denotes a slight to moderate 
decrease in muscle length; movement in the direction 
of elongating the muscle is limited. 

Sign. Indication of an abnormality, related to disease or 
dysfunction, that is evident to the examiner, i.e., objec- 
tive evidence. Compare with Symptom. 

Sit-up. The movement of coming from a supine to a sit- 
ting position by flexing at the hip joints. ("Trunk curl," 
which is spine flexion, should not be called a partial 
sit-up.) 

Spasm. An involuntary muscle contraction. 

Sprain. Injury to a joint with possible rupture of liga- 
ments or tendons, but without dislocation. 

Stability. Capacity to provide support; firmness in posi- 
tion. 

Stabilization. Fixation; implies holding steady or hold- 
ing down. 

Strain. The effect of an injurious tension. 

Stress. Any force that tends to distort a body. It may be 
in the direction of either pulling apart or pressing 
together. 

Stretch. To elongate; increase in length. The implied 
meaning is that it is not beyond the normal length of 
the muscle. See also Overstretch. 

Stretch weakness. Weakness that results from muscles 
remaining in an elongated condition, however slight, 
beyond the neutral physiological rest position, but not 
beyond the normal range of muscle length. The con- 
cept relates to the duration of the faulty alignment 
rather than to the severity of it. See discussion p. 35; 
re multi-joint muscles, see Overstretch weakness. 

Subjective. Perceived by the individual; not evident to 
the examiner. See Symptom. 

Substitution. The action of muscles in attempting to 
function in place of other muscles that fail to perform 
because of weakness or pain. 

Supination. A rotation movement. Supination of the 

forearm occurs when the distal end of the radius 
moves from a position of medial rotation (pronation) 
to the anatomic lateral position, causing the palm of 
the hand to face anteriorly. Supination of the foot 
occurs when the foot rotates so that the sole of the foot 
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faces in a somewhat medial direction. In standing, 
weight is borne on the outer side of the foot. 

Supine. Lying face upward; back-lying. 

Surfaces. 


Dorsal. The posterior surface of the body, except that 
the front (or top) of the foot is the dorsal surface. 
Lateral. The outer side. 

Medial. The inner side. 

Palmar (volar). The palm of the hand. 

Plantar. The sole of the foot. 

Ventral. The anterior surface of the body. 


Sway-back posture. A faulty postural alignment in 

which there is a posterior displacement (swaying 

back) of the upper trunk and an anterior displacement 

(swaying forward) of the pelvis. There is a long 

kyphosis extending into the upper lumbar region, and 

a flattening of the low lumbar region. The pelvis is in 

posterior tilt and the hip joints are extended. The head 
and neck are in a forward head position. 

Symptom. An abnormality in function or sensation, per- 
ceived by the patient, and indicative of disease or dys- 
function; i.e., subjective evidence. Compare with 
Sign. 

Syndrome. A group of signs and symptoms that appear 
together as characteristic of a disease, lesion, or dys- 
function. 

Taut. Firm when fully elongated; not slack. Muscles 
become taut at the end of the available range of motion 
permitted by the muscle length, i.e., when stretched to 
their limit. See p. 17. 

Tension. 1. As applied to muscles: the effective force 
generated by a muscle. 2. As applied to body mechan- 
ics: the force (or stress) that tends to lengthen a body. 
Compression and tension are opposite in meaning. 3. 
As applied to headaches: tightness of the posterior 
neck muscles. 

Test movement. A movement of the part in a specified 
direction and through a specified arc of motion. 

Test position. The position in which the part is placed by 
the examiner, and held (if possible) by the patient. 

Test and Measurements. 





Test. A procedure for obtaining measurements to be 
interpreted according to a standard; e.g., a muscle 
length, muscle strength, range of motion, or alignment 
test. 

Examination. A procedure that includes more than 
one type of test; e.g., a postural examination that 
includes a variety of tests. 

Assessment. An appraisal of objective data from tests 
and examinations. 

Evaluation. Interpretation of objective and subjec- 
tive data for the purpose of determining a muscu- 
loskeletal diagnosis and the appropriate course of 
treatment. 
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Thomas Test. Definition from Jones and Lovett: "The 
Thomas flexion test is founded upon our inability to 
extend a diseased hip without producing a lordosis. If 
there is flexion deformity, the patient is unable to 
extend the thigh on the diseased side, and it remains at 
an angle". 

Tight 1. Short limiting the range of motion; i.e., the 
muscle is tight 2. Firm on palpation when drawn taut, 
i.e., the muscle feels tight; (may be true of a short or a 
stretched muscle). 

Tightness. Shortness; denotes a slight to moderate 
decrease in muscle length; movement in the direction 
of lengthening the muscle is limited. 

Tilt. Rotation about a transverse axis. See Pelvic tilt. 

Transverse plane. See Planes. 

Trendelenburg sign. Indication of hip abductor weak- 
ness as evidenced by the hip going into adduction 
when standing with full weight on the affected leg 
with the other foot off the floor. Initially, the 
Trendelenburg Test was used in diagnosing a dislo- 


cated hip. The Trendelenburg Gait is one in which 
the affected hip goes into adduction during each 
weight-bearing phase of the gait This is in contrast 
to the abducted position of the hip joint in the gait 
associated with paralysis of hip abductors. See 
p. 435. 

Useful test A test that provides information of value for 
determining the proper course of treatment One of 
the criteria for muscle length and strength tests. 

Valgus. Knee (genu v.): knock-knees. Foot (talipes v.): 
pronation with forefoot abduction. Big toe (hallux v.): 
adduction of big toe (toward midline of foot), associ- 
ated with a bunion. 

Valid test. One that measures, quantitatively and quali- 
tively, what it purports to measure. One of the criteria 
for muscle length and strength tests. 

Varus. Knee (genu v.): bowlegs. Foot (talipes v.): 
supination with forefoot adduction. 

Ventral. Front or anterior, as anterior surface of the 
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of shoulder, 54, 304 
in transverse plane, 54 
of metacarpophalangeal joint of thumb, 258 
of metacarpophalangeal joints of fingers, 258 
of metatarsophalangeal joint, 367c, 370 
of scapula, 78-79, 302t, 303, 303 
of shoulder, 254c, 302t, 304 


horizontal, 54, 304 
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Anconeus, 292, 292, 344, 349 
action of, 254c, 292 
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spinal segment distribution to, 468c-469c 
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dorsiflexion of. 56. 63, 69, 367c, 370-371, 371 
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muscles controlling movements of, 367c 
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range of motion of, 371 
relationship to line of reference, 62 
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Antebrachial cutaneous nerve 
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lateral, 27. 250, 256 
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posterior, 256, 257 
Anterior, definition of, G-2 
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central tendon, 236 
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Arm pain, 341-345 
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action of, 420 
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origin and insertion of, 420 
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excessive compression on, 31 
vs. joint, 297 
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action of, 139t 
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origin and insertion of, 139t 
role in deglutition. 139t 
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oblique 
action of, !39t 
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origin and insertion of, 139t 
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origin and insertion of, 139t 
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Auricularis anterior, 122, /23 
Auricularis posterior, 122, /23 
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Automobile seats, 85 
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Axillary nerve. 27, 33, 248, 249, 251, 252, 253c, 344, 349 
compression or tension on, 32 
muscles innervated by, 27c, 144c, 252 
spinal segment distribution to, 472c 
teres major impingement on, 341, 344 
Axis 
coronal. 54. 56. G-I 
definition of, 54, G-I 
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Back 
"catch in the back," 222 
ofchildren. 100 
flat, 62, 64, 64 
lower 

in ideal alignment, 60, 62 
normal curvature of, 62 
observation during movement in scoliosis, 109 
in sitting position, 85, 55 
"Pper 
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in ideal alignment, 60, 61, 143 
neck position in relation to, 143 
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round, 61, 176, G-4 
straight, 755 
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Back extension exercises, 232 

Back extension test, 88, 169, 769 
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actions of, 178t-179t 
contracture of, 181 
grading of, 181 
origins and insertions of, 178t-179t 
in sway-back posture, 72 
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testing strength of, 180-181. 780-787 
in scoliosis, 109 
weakness of, 95, 176. 181 
Back flexibility 
excessive, 174, 775. 207. 377, 377, 389 
forward bending test of, 88, 169. 174,/74-175 
scoliosis and, 107, 114 
sit-and-reach test of, 105 
Back muscles. See also specific muscles 
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in lordotic posture, 67 
lower 
stretching of, 242, 242 
tightness of, 225 
opposing groups of, 176 
in sway-back posture, 72 
testing strength of, 88, 176 
treatment for weakness of, 232 
Back pain 
lower. 52. 167, 219-225 
anterior pelvic tilt and, 223-225, 223-225 
back weakness and, 176 
causes of, 219 
coccyalgia, 222 
facet slipping, 222 
lumbosacral strain, 220 
muscle imbalance and, 219 
postural faults and, 219 
sacroiliac strain, 220-222 
treatment modalities for, 219 
muscle guarding due to, 52 
upper, 338-340 
erector spinae weakness, 338 
middle and lower trapezius strain, 339 
osteoporosis, 340. 340 
Short rhomboids. 338 
Backward bending test, 88, 172, 772 
Ball-and-socket (spheroid) joints, ІОї 
Bell's palsy, 134, 135c, 136, 137c 
Biceps brachii, 13, 290, 290 
action of. 254c. 290, 301t 
contracture of, 288 
innervation of, 27c, 257, 252, 253c, 290 
long head of. 290, 290. 30It, 349 
origins and insertions of, 290, 3011 
short bead of, 290, 290, 30It. 349 
shortness of, 290 
spinal segment distribution to, 468c—169c 
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weakness of, 288, 290 
Biceps femoris, 419, 479, 449, 453 
action of, 366c-367c. 419 
long head of, 365 
innervation of. 29c, 364c, 368t, 419 
spinal segment distribution to, 470c—171c 
origins and insertions of, 419 
short head of, 365 
innervation of, 29c. 364c, 368t, 419 
spinal segment distribution to, 470c-471c 
testing strength of, 419, 479 
Blocks for postural examination, 86, 87 
Body mechanics 
definition of, 60, G-I 
for lifting, 230-231, 237 
pain related to faults in, 52 
plumb lines in study of, 59, 60, 60 
posture and, 51 
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Body segments, $3,53 
Body weight 
distribution of 
balanced, 59 
over balls of feet, 69,69 
fixation provided by, 14-15 
lower extremities as percentage of, 208 
muscles as percentage of, 9 
Bone-density scans, 6 
Bones, 9 
growth of, 97 
Bowlegs, 99, 447 
in children, 99,447 
compensatory for knock-knees, 83, 83, 99, 447 
definition of, G-1 
postural, 82. 447 
analysis and treatment of, 94t, 447 
definition of, G-1 
structural, 87, 447 
correction of, 447 
definition of, G-1 
Brachial cutaneous nerve 
lateral, 256, 257 
medial, 27. 249, 250. 256 
posterior, 27, 250, 257 
Brachial plexus, 248. 248c, 249, 342 
compression of, 32 
coracoid pressure syndrome due to, 342 
internal, 32 
thoracic outlet syndrome due to, 341 
lateral, medial, and posterior cords of, 248, 249 
lesion of, 96. 353-354 
possible sites of, 353 
spinal nerve and muscle charts indicating, 351c, 352c 
muscles innervated by, 27c, 248, 248c, 253c 
peripheral nerves from, 27c, 248, 248c, 249, 253c 
spinal segment distribution to, 472c 
superior, middle, and lower trunks of, 248, 249 
anterior and posterior divisions of, 248 
tension on, 32 
Brachialis, 290, 290, 349 
action of, 254c, 290 
innervation of, 27c, 251, 252, 253c, 290 
origin and insertion of, 290 
shortness of, 290 
spinal segment distribution to, 468c-469c 
testing strength of, 290, 290 
weakness of, 290 
Brachioradialis, 294, 294. 349 
action of, 254c, 294 
innervation of, 27c, 251, 294 
origin and insertion of, 294 
spinal segment distribution to, 468с-469с 
testing strength of, 294, 294 
weakness of, 294 
Bracing 
Goldthwait Brace, 223 
for knee hyperexiension, 447 
for knock-knees, 447 
shoulder brace for serratus anterior paralysis, 475, 477 
477-479, 478 
for structural bowlegs, 447 
William's Flexion Brace, 223 
Break test, 19 
definition of, G-1 
Breast, heavy, 343, 343 
Breath-holding. 234 
Breathing, 233-234. See also Respiration 


Breathlessness, 234 
Buccal nerve, 725 
Buccinator 
action of, 126t 
innervation of, 122, 722 
origin and insertion of, 126t 
testing of, 730 
Bunion-guard, 441 


Calcaneocuboid joint, 63 
Calcaneus, 63, 370 
Capitate, 259 
Cardiovascular fitness, 234 
Carpal bones, 259, 259 
Carpal tunnel syndrome, 32, 356 
Carpometacarpal joints 
of fingers, 259 
muscles controlling movements of, 255c 
range of motion of, 295t 
of thumb, 258 
Cartilaginous joints, 10, lOt 
"Catch in the back," 222 
Caudal, definition of, G-2 
Center of gravity, 55, 208 
definition of, 55, G-1 
in ideal alignment, 55 
Central tendon, 236 
Cervical nerve root pressure, 160 
Cervical nerves, 725. 745, 253c 
muscles innervated by, 27c, 144c, 149t 
spinal nerve and muscle chart indicating C5 lesion, 350c 
Cervical plexus, 33, 144, 253c 
peripheral nerves from, 144c, 145 
spinal segment distribution to, 472c 
Cervical rib, 32, 345 
Cervical spine, 143. See also Neck 
extension of, 61, 143, 146, 147t, 149t, 752. 755, no 
in flat-back posture, 64, 64, 68, 68 
flexion of, 146, 147t, 149t, 752, 170 


lateral, 58, 146, J47t, 149t 
hyperextension of, 921. 143 
hyperflexion of, 143 
in ideal alignment, 60, 61, 64, 64, 65, 65, 73, 73, [53 
in kyphotic-lordotic posture, 64, 64, 66, 66 
in lordotic posture, 67,67 
muscles controlling movements of, 149t 
normal curvature of, 64, 64, 146 
range of motion of, 147, !47t 
measurement of, 147 
rotation of, 58, 146, 1470, 149t, 171 
in sway-back posture, 64, 64, 72, 72 
Chairs, 85 
for children, 96-97 
for computer work station, 161, 767 
Charts 
ability to touch toes related to age level, 102c-103c 
for analysis of muscle imbalance 
in lower extremity, 399c 
in upper extremity, 260c 
brachial plexus, 248c 
cranial nerve and muscle chart, 124, 125c 
in Bell's palsy, 135c, 137c 
good and faulty posture summary chart, 90c-91c 
joint measurement chart 
for lower extremity, 374c 
for upper extremity, 296c 





lower extremity muscle chart, 366c-367c 
in Guillain-Barre syndrome, 459c-460c 
in poliomyelitis, 461c 
motor and sensory or motor only nerves to upper extremity 
muscles, 253c 
poUo/postpolio muscle charts 
explanation of, 40 
neck, trunk, and lower extremity muscle chart. 43c, 461c 
upper extremity muscle chart, 42c 
postural examination chart, 89c 
in scoliosis, 110c 
respiratory muscle chart, 167, 233, 239c 
scapular muscle chart, 253c 
spinal nerve and motor point chart 
for lower extremities, 365 
for upper extremities, 257, 349 
spinal nerve and muscle charts, 26 
case studies using, 346 
brachial plexus lesion, 352c 
brachial plexus medial cord lesion, 351c 
common peroneal nerve involvement, 455c 
lumbosacral nerve lesion, 458c 
possible L5 lesion, 456c-457c 
probable C5 lesion, 350c 
radial, median, and ulnar nerve involvement, 348c 
radial nerve lesion, 347c 
for lower extremity. 364c 


for neck, diaphragm, and upper extremity, 26, 27c, 144c 
peripheral nerve section of, 26 
sensory section of, 26 
spinal segment section of, 26 
for trunk and lower extremity, 26, 29c, 168c 
use in differential diagnosis, 26, 28 
spinal segment distribution to nerves and muscles, 
468c-472c 
symbols used on, 25, 466-467 
upper extremity muscle chart, 254c-255c, 312c 
Chest. See Thorax 
Childbirth 
low hack pain and. 219 
sacroiliac joint movement during, 220 
Children 
abdominal contour in, 100 
ability to touch toes related to age of, 101, 707, 
I02c-I03c, 105 
bone growth in, 97 
bowlegs in, 99, 447 
desks and chairs for, 96-97 
feet of, 99 
grading procedures for, 19, 24 
1n-toeing in, 442, 442 
knees of, 99 
muscle strengthening exercises for, 97 
neck and trunk of, 100 
range of motion for lumbar flexion and extension, 
100-101, 707 
out-toeing in, 99, 443 
postural examination of, 88 
posture of. 96-101, 98, 700 
defects, diseases, and disabilities affecting, 96 
developmental deviations, 97 
handedness and, 96 
nutrition and, 96 
sports/play activities and, 97 
range of motion in, 97 
scoliosis in {See also Scoliosis) 
faulty postural habits and, 112, 772 
periodic examination for, 113 





Circumduction, 57 
of carpometacarpal joint of thumb, 258 
definition of, G-2-3 
of glenohumeral joint, 304 
of metacarpophalangeal joints of fingers, 258 
of wrist, 259 
Clavicle, articulations of, 298, 299, 300t, 30It 
Claviculohumeral articulation, 300t 
Claw-hand deformity, 275 
Claw-toe deformity of great toe, 402 
Clothing for postural examination, 86 
Clubfoot, 96 
CN. See Cranial nerves 
Coccyalgia (coccygodynia), 219 
Cod man's exercises, 304 
Cold, 37 
application of, 37 
contraindications to, 37 
indications for, 37 
Collar 


for cervical nerve root pressure, 160 
for upper trapezius strain, 160,/60 
Compression 
definition of, G-I 
of nerve, 32 
Computer ergonomics, 161, 767 
Condyloid joints, 10t 
atlanto-occipital joint, 168 
metacarpophalangeal joint of thumb, 258 
metacarpophalangeal joints of fingers, 258 
metatarsophalangeal joints, 370 
wrist joint, 259 
Connective tissue. 9 
Constrictor pharyngis inferior 
action of, 139t 
innervation of, 722, 123, J39t 
origin and insertion of, 139t 
role in deglutition, 139t 
Constrictor pharyngis medius 
action of, 139t 
innervation of, 722, 123, I39t 
origin and insertion of, 139t 
role in deglutition, 139t 
Constrictor pharyngis superior 
action of, 139t 
innervation of. 722, 123, 139t 
origin and insertion of, 139t 
role in deglutition, I39t 
Contractility, definition of, G-1 
Contraction 
concentric, G-1 
definition of, G-I 
eccentric, G-1 
isometric, G-2 
isotonic, G-2 
Contracture, 4, 17. See also specific muscles 
definition of, 17, G-2 
irreversible, G-2 
Contraindication, definition of, G-2 
Contralateral, definition of, G-2 
Coracobrachialis, 313, 373, 349 
action of, 254c, 300t, 313 
innervation of. 27c. 257. 252, 253c, 313 
origin and insertion of, 300t, 313 
shortness of, 313 
spinal segment distribution to, 468c-469c 
testing strength of, 313, 313 
weakness of, 313 


Medical portal MedWedi.ru 


INDEX 


Coracoid pressure syndrome, 342-343 
cause of, 342 
definition of, 342 
exercises contraindicated in, 343 
pain of, 342 
treatment of, 343, 343 
Coracoid process, 342 
Corrugator supercilii 
action of, 126t 
innervation of, 122,723 
origin and insertion of, 126t 
testing of, 128 
Corsets for low back pain, 226, 226. See also Supports 
coccyalgia, 222 
sacroiliac strain, 222, 222 
Costoclavicular articulation, 298, 299, 3011 
Costoscapular articulation, 299, 30It 
Costovertebral joint, 297 
Counterpressure, 14 
Cranial, definition of, G—2 
Cranial nerve and muscle chart, 124, 125c 
in Bell's palsy, 135c, 137c 
Cranial nerves (CN), 121, 122-123. See also specific cranial 
nerves 
cutaneous distribution of, 725 
muscles innervated by, 122—123 
Cricoarytenoid 
lateral 
action of, I39t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
posterior 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
Cricopharyngeus 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
Cricothyroid 
oblique 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
straight 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
Criteria, definition of, G-2 
Crutch paralysis, 32 
Cutaneous nerves, 26, 27, 29 
of lower extremity, 369, 369 
of upper extremity, 250, 256-257, 256-257 


Deformities 
due to shortness, 17 
due to weakness, 17 
fixed, 17 
of foot and ankle, 405 
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Deglutition 
muscles of, 138t-139t 
stages of, 138t-139t 
Deltoid, 315, 575, 344, 349 
action of, 254c, 30XH, 315 
innervation of, 27c, 257, 252, 253c, 315 
origin and insertion of, 300t 
origins and insertions of, 315 
spinal segment distribution to, 468c—160c 
testing strength of, 13, 315, 375 
anterior deltoid, 316-317, 316-317 
posterior deltoid, 316-317, 316-317 
weakness of, 315 
Depressor anguli oris 
action of, 126t 
innervation of, 123,723 
origin and insertion of, 126t 
testing of, 757 
Depressor labii inferioris 
action of, 126t 
innervation of, 123, 723 
origin and insertion of, 126t 
testing of, 130 
Depressor septi nasi 
action of, 126t 
innervation of, 123, 723 
origin and insertion of, 126t 
testing of, 726* 
Dermatomes, 26 


of neck and Ups extremity, 27, 725, 250, 347, 348, 
350-3. 
of trunk and lower extremity, 29. 168, 364, 455, 458 


Desks 
for children, 96-97 
ergonomics of computer work stations, 161, 767 
Developmental postural deviations, 97 
Diagnosis 
definition of, G-2 
musculoskeletal, G-2 
Diagnostic, definition of, G-2 
Diaphragm, 167, 235-236, 235-236 
actions during respiration, 233, 235, 236, 240 
costal portion of, 236, 236 
in emphysema, 235, 236 
innervation of, 27c, 144c, 236 
lumbar portion of, 236, 236 
origins and insertion of, 236 
paralysis of, 233 
spinal nerve and muscle chart for, 27c, 144c 
spinal segment distribution to, 468c-469c 
sternal portion of, 236, 236 
Diaphragmatic breathing exercises, 234 
Diarthrosis, lOt 
Digastric 
anterior belly of, 757 
action of, 138t 
innervation of, 122, 723, 138t 
origin and insertion of, 138t 
role in deglutition, 138t 
posterior belly of, 757 
action of, 138t 
innervation of, 122, 723, 138t 
origin and insertion of, 138t 
role in deglutition, 138t 
Directions, definition of, G-2 
Disabilities, posture and, 96 
Distal, definition of, G-2 
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Dorsal, definition of, G-5 
Dorsal digital nerves, 369 
Dasal lateral cutaneous nerve of foot, 369 
Dorsal scapular nerve, 27c, 144c. 248c, 249, 251. 253c 
spinal segment distribution to, 472c 
Dorsiflexion. 56. 63, 69, 370-371, 371 
definition of, G-3 
knee flexion and, 94t, 371 
muscles controlling, 367c 
stretch weakness of, 35 
range of motion for, 371, 375 
Double-eg raising, 210. 270 
Drop foot, 35. 409,410 


Dynamometers, 7, 7. 295 
Dysfunction, definition of, G-2 


Ekma 
cold therapy for, 37 
massage for, 36 
ebow, 259 
extension deformity of, 293 
flexion and extension of, 56, 259 
muscles controlling, 254c 
flexion deformity of, 290 
"funny bone" of, 32 
joint measurement chart for, 296c 
overuse injuries of, 356 
Elbow extensors. 292-293. 292-293 
Elbow flexors. 290-291, 290-291 
Electrical stimulation, 36 
Electromyography (EMG), 6 


to differentiate actions of upper and lower abdominals, 200 


Ellipsoid joint, lOt 
EMG. See Electromyography 
Emphysema, 233, 235. 236 


Endurance training, to reduce respiratory muscle fatigue, 234 


Environmental factors, posture and, 96-97 
Epicondylitis 

lateral, 356 

medial, 356 
Equipment for postural examination, 86, 87 
Erector spinae, 176, 177 

action of, I78t 

cervical, testing strength of, 157, 757 

innervation of, 29c, 168c 

in kyphotic-lordotic posture, 66 

origin and insertion of, 178t 

role in respiration, 238 

spinal segment distribution to, 470c-471c 

weakness of, 232 

upper back pain due to, 338 

Ergonomics of computer work stations, 161, 161 
Evaluation, definition of, G-5 
Eversion 

definition of, G-2 

of foot, 58, 63, 94t, 367c, 370 
Examination 

definition of, G-5 

postural, 59, 86-89 
Examining table, 14 


Exercise(s), 36. See also Strengthening exercises; Stretching 


for arm pain, 357, 357 

for back pain from osteoporosis, 340 
for Bell's palsy. 134, 136 

for cervical nerve root pressure, 160 
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exercises to avoid, 116 
for low back weakness, 232 
in lying position, 463 
for medial rotation of hip and pronation of feet, 448 
muscle testing before prescription of, 4 
posterior pelvic tilt, 70. 92t, 215, 275 
knee-bent position for, 216-217 
for postural faults, 51. 116, 776 
for prona ted feet, 116, ;16, 446 
for scoliosis, 108, 775, 113-114 
historical note on, 107 
sit-ups, 206-208 
for stretch weakness, 36 
trunk and abdominal, 242-243, 242-243 
trunk curl, 209, 209 
Expiration, 233, 241. See also Respiration 
accessory muscles of, 237-238 
primary muscles of, 235-237 
Extensibility, definition of, G-2 
Extension, 56. See also Hyperextension 
of atlanto-occipital joint. 168 
of carpometacarpal joints, 255c 
definition of, 56, 170, G-3 
of elbow. 56, 254c, 259 
of fingers, 15, 56, 255c, 258, 2951 
of hip, 56, 62, 187, 188. 188, 190, 790. 366c, 372 572 
of knee. 56, 62. 366c, 371,577 
of metacarpophalangeal joints, 255c 
of metatarsophalangeal joint, 367c, 370 
in sagittal plane, 54 
of shoulder, 56, 254c, 302t, 304, 305 
of spine. 169-170, 169-170, 172 
cervical, 61, 143, 146, 147t, 149t, 752 
lumbar, in children, f 00-101, 707 
of thumb, 258. 295t 
of toes, 56. 367c, 370, 370 
of wrist, 56, 255c, 259 
Extensor carpi radialis brevis, 284, 284, 349 
action of, 254c-255c, 284 
innervation of, 27c, 257. 252, 284 
origin and insertion of, 284 
shortness of 284 


spinal segment distribution to, 468с—469с 
testing strength of, 284, 284 
weakness of, 284 
Extensor carpi radialis longus, 284, 284, 349 
action of, 254c-255c, 284 
innervation of. 27c, 257. 284 
origin and insertion of, 284 
shortness of. 284 
spinal segment distribution to. 468c-469c 
testing strength of, 284, 284 
weakness of, 284 
Extensor carpi ulnaris, 285, 285, 349 
action of, 254c-255c. 285 
innervation of, 27c, 257. 285 
origin and insertion of, 285 
shortness of, 285 
spinal segment distribution to, 468c-469c 
testing strength of, 285, 285 
weakness of, 285 
Extensor digit) minimi, 278, 278, 279, 349 
action of, 254c-255c, 278 
innervation of, 27c. 257, 278 
origin and insertion of, 278 
spinal segment distribution to, 468c-469c 
Extensor digitorum, 278, 279, 279, 349 
action of, 254c-255c, 279 
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Extensor digitorum—continued 
contracture of, 279 
innervation of, 27c, 257. 279 
origin and insertion of, 279 
shortness of, 279 
spinal segment distribution to, 468c-469c 
testing strength of, 279, 279 
weakness of, 279 

Extensor digitorum brevis, 365, 408, 408 
action of. 367c, 408 
contracture of. 409 
innervation of, 29c, 364c, 408 
origin and insertion of, 408 
spinal segment distribution to, 470c-471c 
testing strength of. 409, 409 


weakness of, 409 
Extensor digitorum longus, 365. 404, 408, 408, 449 
action of, 367c, 408 
contracture of, 409 
innervation of. 29c, 364c, 408 
origin and insertion of. 408 
spinal segment distribution to, 470c-471c 
testing strength of. 409, 409 
weakness of, 409 
Extensor hallucis brevis, 403, 403 
action of, 367c, 403 
contracture of, 403 
innervation of, 403 
origin and insertion of, 403 
paralysis of, 403 
testing strength of, 403, 403 
weakness of, 403 
Extensor hallucis longus, 365, 403. 449 
action of, 367c, 403 
innervation of, 29c, 364c, 403 
origin and insertion of, 403 
paralysis of, 403 
spinal segment distribution to, 470c-471c 
Extensor indicis, 278, 278, 349 
action of, 254c-255c, 278 
innervation of, 27c, 257, 278 
origin and insertion of, 278 
spinal segment distribution to, 468c-469c 
Extensor pollicis brevis, 267, 267 
action of, 254c-255c, 267 
innervation of, 267 
origin and insertion of, 267 
spinal segment distribution to, 468c-469c 
testing strength of, 267, 267 
weakness of, 267 
Extensor pollicis longus, 266, 266, 349 
action of, 254c-255c, 266 
innervation of, 27c, 251, 266 
origin and insertion of, 266 
spinal segment distribution to, 468c-469c 
testing strength of. 266 
weakness of, 266 
Eye muscles 
actions of, 126t-127t 
innervation of, 722 
origins and insertions of, 126t-127t 
testing of. 132-133 


Facet slipping, 222 
Facial muscles, 12%— 127t 





actions of, 126t-127t 
deep. 122 
effects of loss of function of. 121 
grading strength of, 121 
innervation of, 121, 122-123 
origins and insertions of, 121, 126t-127t 
superficial, 723 
testing of, 121,/28-133 
Facial nerve (CN VII), 121, 722 
in Bell's palsy, 134. 135c. 136. 137c 


muscles innervated by, 122-123,/23, 126t-127t, 138t 


149t 
Fascia, 9 
Fascia transversalis, 797 
Fasciculi, 11 
Fatigue, 5 
Femoral cutaneous nerve 
anterior, 29, 364 
intermediate, 369 
lateral. 29, 362, 364, 369 
medial, 369 
posterior, 29. 363, 369 
Femoral nerve. 33, 362, 365, 368, 368t, 369 
muscles innervated by, 29c, 168c, 368 
spinal segment distribution to, 472c 
Femur, 371 
anatomical axis of, 428 
medial rotation of, 80, 94t 


rotation of hip joint about mechanical axis of, 428, 428 


in Trendelenburg gait, 435 

Fibrous joints, 10, lOt 

Fibula, 371 
posterior bowing of, 84 

Fibular nerve. See Peroneal nerve 

Fingers 
carpometacarpal joints of, 259 
flexion and extension of, 13, 15, 56, 258 
interphalangeal joints of, 258 
metacarpophalangeal joints of, 258 


muscles controlling movements of, 13, 255c, 278-281, 


275-257 
spinal segment distribution to, 468c-469c 
testing strength of, 296 
weakness of, 296 
range of motion of joints of, 295t 
Fitness 
cardiovascular, 234 
tests of, 104-105 
Fixation, 14-15 
definition of, G-2 
provided by body weight, 14-15 
Fixation muscles, 15 
substitution by, 17 
Flat-back posture, 62, 64, 64 
abdominal muscles in, 68, 68, 71, 228 
analysis and treatment of, 92t 
definition of, 227 
flexible vs. rigid, 228 
posterior pelvic tilt in, 64, 64, 68, 68, 227, 228 
sacroiliac strain and, 222 
Hlatfoot, congenital, 410 
Flexibility 
ability to touch toes related to age level, 101, 707 
102c-103c 
of back 
excessive, 174, 775. 207, 377, 377, 389 
forward bending test of, 88, 169, 174, 174-175 
scoliosis and, 107, 114 
sit-and-reach test of, 105 


definition of, G-2 
posture and, 51,52 
scoliosis and, 107, 114 
vs. stability, 51 
tests of. 88 
Hexion. 56. See also Hyperflexion 
of ankle 
dorsiflexion, 56, 63, 69, G-3 
plantar flexion, 56, 63. 66, 67, 68, G-3 
of atlanto-occipital joint. 168 
of carpometacarpal joints, 255c 
definition of. 56. 170. G-3 
of elbow, 56, 254c, 259 
of fingers. 13, 56. 255c, 258, 2951 
of hip, 56. 62, 168. 187. 188-190, 188-190, 366c 372 
372 
of knee. 56. 62, 367c, 371, 371 
lateral. 57, G-3 
of neck, 58, 146, 147t 
of spine. 171,/ 72 
tests of, 88 
of metatarsophalangeal joint, 367c, 370 
in sagittal plane, 54 
of shoulder. 56. 254c, 302t. 304, 305 
of spine, 169-170.169-170, 172 
cervical. 146, 147t, 149t, 752, 170 
hyperflexion, 143 
lateral, 58, 146, 147t, 149t 
lumbar, 170, G-3 


in children, 100-101, 707 
thoracic, 92t, 170 
of thumb. 258, 295t 
of toes, 56. 94t, 367c, 370, 370 
of wrist, 56. 255c, 259 
Hexor accessorius. See Quadratus plantae 
Hexor carpi radialis, 282, 282, 349 
action of, 254c-255c, 282 
innervation of, 27c, 257. 282 
origin and insertion of, 282 
shortness of, 282 
spinal segment distribution to, 468c-469c 
testing strength of, 282, 282 
weakness of, 282 
Hexor carpi ulnaris, 283, 283, 349 
action of, 254c-255c, 283 
innervation of, 27c, 257. 283 
origins and insertions of, 283 
shortness of, 283 
spinal segment distribution to, 468c-469c 
testing strength of, 283, 283 
weakness of, 283 
Hexor digiti minimi of foot, 365 
innervation of, 29c, 364c 
spinal segment distribution to, 470c-47 1c 
weakness of, 441 
Hexor digiti minimi of hand, 271, 277. 349 
action of, 255c, 271 
innervation of, 27c, 257, 271 
origin and insertion of, 271 
spinal segment distribution to, 468c-469c 
testing strength of, 271, 277 
weakness of, 271 
Hexor digitorum brevis, 365, 406, 406 
action of, 367c, 406 
contracture of, 406 
innervation of, 29c, 364c, 406 
origin and insertion of, 406 
spinal segment distribution to, 4/0c—471c 
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testing strength of, 406, 406 
weakness of, 406 
Flexor digitorum longus. 73, 73. 365, 404. 406, 407, 407 
action of, 367c, 407 
contracture of, 407 
in faulty alignment, 74—75 
innervation of, 29c, 364c, 407 
origin and insertion of, 407 
paralysis of, 406 
spinal segment distribution to, 470c-471c 
testing strength of, 407, 407 
weakness of, 95. 407 
Flexor digitorum profundus, 281, 257. 349 
action of, 255c. 281 
contracture of, 281 
innervation of. 27c, 257, 281 
origin and in sen ion of, 281 
shortness of, 281 
spinal segment distribution to, 468c-469c 
testing strength of, 281, 287 
weakness of, 281 
Flexor digitorum superficialis, 280, 280, 349 
action of, 255c, 280 
contracture of, 280 
innervation of, 27c, 257, 280 
origins and insertions of, 280 
shortness of, 280 
spinal segment distribution to, 468c-469c 
testing strength of, 280, 280 
weakness of, 280 
Flexor hallucis brevis, 365, 401, 407 
action of, 367c, 401 
contracture of, 401 
innervation of, 29c, 364c, 401 
origin and insertion of, 401 
spinal segment distribution to, 470c-471c 
testing strength of, 401, 407 
weakness of, 401 
Flexor hallucis longus, 73, 73, 365, 402, 402. 407 
action of, 367c, 402 
contracture of, 402 
in faulty alignment, 74-75 
innervation of, 402 
origin and insertion of, 402 
spinal segment distribution to, 470c-471c 
testing strength of, 402, 402 
weakness of, 95, 402 
Flexor pollicis brevis, 265, 265. 349, 349 
action of. 255c, 265 
contracture of, 265 
innervation of, 27c, 257. 265 
origins and insertion of, 265 
spinal segment distribution to, 468c—169c 
strength testing of, 265, 265 
weakness of, 265 


Flexor pollicis longus, 264, 264 


action of, 254c-255c, 264 

contracture of, 264 

innervation of, 27c. 253c. 264 

origin and insertion of, 264 

spinal segment distribution to, 468c-469c 
testing strength of, 264, 264 

weakness of, 264 


Folding ruler with spirit level, 86, 87 
Foot (feet), 440-446 


abduction and adduction of forefoot, 370 
of children, 99 


cushioning insoles for painful conditions of, 440 
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Foot (feet)—continued 

deformities of, 405 
eversion of, 58, 63, 367c, 370 
in faulty alignment, 74-75, 74-75 
flat 

in child, 99 

pronation and, 441 

static, 99 
good and faulty posture summary chart, 90c 
hallux valgus. 400,441 
hammer toes, 941. 441, 441 
holding down during trunk curl, 208, 208 
in ideal alignment, 60, 63, 73, 73, 80-82 
in-toeing position of, 63, 442, 442 
inversion injury of, 9 
inversion of, 58, 63, 367c, 370 
longitudinal arches of, 440 


abduction of forefoot due to breakdown of, 443 
in child, 99 
high, 440 
pronation with flatness of, 441 
pronation without flatness of, 440 
strain of. 406 
metatarsal arches of, 440 
strain of, 441 
muscles controlling movements of, 367c 
out-toeing position of, 63,443 
position related to handedness, 76, 76 
problems of, 440-446 
corrective and palliative treatment of, 440 
examination of, 440 
groups of, 440 
shoes and shoe corrections for, 440, 445, 445-446 [See 
also Shoes) 
pronation of, 17, 63, 74-75, 74-75, 80, 370 
analysis and treatment of, 94 
corrective exercises for, 116, //6, 446 
with flatness of longitudinal arch, 441 
without flatness of longitudinal arch, 440 
medial rotation of hip and, 448, 448 
shoe correction for, 440 
in sitting position, 85, 55, 97 
spinal segment distribution to muscles of, 470c-471c 
supination of, 63, 80, 370, 441 
analysis and treatment of, 94t 
Foot drop. 35, 409, 410 
Forearm 
joint measurement chart for, 296c 
pronation and supination of, 19, 58, 259, 297 
muscles controlling, 254c 
Forefoot 
abduction of, 370 
out-toeing due to. 443 
adduction of, 370 
in-toeing due to, 442 
Forward bending test, 88, 169, 174, 174-175, 383, 383 
controlling variables in, 382 
equipment for, 383 
excessive low back flexion on, 377, 377 
measuring arc of motion during, 383 
normal range of motion during, 383 
normal range of motion on, 174, 174 
starting position for, 383 
test movement for, 383 
variations in findings on, 174, /75 
Forward-head position, 61, 64, 66, 68. 153, 159 
analysis and treatment of, 92t 
cervical spine extension with, 146 


neck pain due to tightness of posterior neck muscles with 
159 
Frontalis 
action of, 126t 
in Bell's palsy, 134 
innervation of, 122, /23 
origin and insertion of, 126t 
testing of, 7/28 
"Funny bone," 32 


Gas exchange, pulmonary, 233 
Gastrocnemius, 365, 415, 4/5 
action of, 367c, 415 
effect of Achilles tendon rupture on, 9 
innervation of, 29c, 364c, 415 
origins and insertions of, 415 
shortness of, 415 
spinal segment distribution to, 470c-471c 
testing length of, 375, 375 
testing strength of, 13, 415, 4/5 
Gastrocnemius limp, 411, 413 
Gemellus inferior, 365. 430, 430, 453 
action of, 366c, 430 
innervation of, 29c, 363, 364c, 368t, 430 
origin and insertion of, 430 
spinal segment distribution to, 470c-471c 
testing strength of, 431, 437 
Gemellus superior. 365, 430, 430, 453 
action of, 366c, 430 
innervation of, 29c, 363, 364c, 368t, 430 
origin and insertion of, 430 
spinal segment distribution to, 470c—471c 
testing strength of, 431, 431 
Genioglossus 
action of, 138t 
innervation of, 123,723, 138t 
origin and insertion of, 138t 
role in deglutition, 138t 
Geniohyoid 
action of, 138t 
innervation of, 138t 
origin and insertion of, 138t 
role in deglutition, 138t 
Genital nerve, 369 
Genitofemoral nerve, 362, 369 
Genu valgum, G-2, G-3, G-5. See also Knock-knees 
Genu varum, G-2, G-5. See also Bowlegs 
Ginglymus joints. See Hinge joints 
Glenohumeral joint, 297, 298, 299, 304, 305 
abduction of, 304, 305 
horizontal, 304 
adduction of, 304 
horizontal, 304 
circumduction of, 304 
extension of, 304, 305 
faulty alignment of, 61 
flexion of, 304, 305 
rotation of, 304, 305 
Gliding joints, lOt 
Gliding movements, 57 
of carpometacarpal joints of fingers, 259 
of subtalar joint, 370 
Glossopharyngeal nerve (CN IX), 722 
muscles innervated by, 123, 723, 139t 
Gluteal aponeurosis, 433 


Gluteal nerve 
inferior. 363. 365. 368t 
muscles innervated by, 29c, 168c, 364c 
spinal segment distribution to, 472c 
superior, 363, 365, 368t 
muscles innervated by, 29c, 168c, 364c 
spinal segment distribution to, 472c 


Gluteus maximus, 9, 65, 176. 365, 436-437, 436-437, 453 


action of, 366c, 436 

innervation of. 29c, 364c, 368t, 436 
origin and insertion of, 436 

spinal segment distribution to, 470c-471c 
testing strength of, 13, 88, 436, 436 


modified test, 437, 437 


unilateral weakness of, lateral pelvic tilt due to, 112 


weakness of, 182. 226-227. 436 
Gluteus medius, 73, 176, 365. 433. 433-434. 453 
action of, 366c, 433 
contracture of, 433 
in faulty alignment, 74-75 
innervation of, 29c, 364c, 368t, 433 
origin and insertion of, 433 
paralysis of, 434 
shortness of, 433 


spinal segment distribution to, 470c-471c 
strength related to handedness, 76 
stretch weakness of, 35 
testing strength of, 17. 88, 433, 433 
in scoliosis, 109 
weakness of, 433, 434 
lateral pelvic tilt due to. 112, 229 
Gluteus medius limp. 434 
Gluteus minimus, 176. 365, 432, 432, 453 
action of, 366c, 432 
contracture of, 432 
innervation of. 29c, 364c, 368t, 432 
origin and insertion of, 432 
shortness of, 432 
spinal segment distribution to, 470c-471c 
stretch weakness of, 35 
testing strength of, 432, 432 
weakness of, 432 
Goldthwait Brace, 223 
Golfer's elbow, 356 
Gomphosis, 10t 
Goniometer, 6, 373 
definition of, G-2 
Gracilis, 365, 417, 426, 426 
action of, 366c-367c, 426 
innervation of, 29c, 364c, 426 
origin and insertion of, 426 
spinal segment distribution to, 4/0c—471 c 
testing strength of, 427, 427 
Grading, 19-24 
of abdominal muscles, 217 
anterior abdominals, 217 
lateral trunk muscles, 217 
lower, 212-213, 213 
oblique abdominals, 217 
recording of, 217, 217 
upper, 203, 203 
of anterior neck muscles, 155 
of back extensors, 181 
building a basis for, 19 
of facial muscles, 121 
factors affecting accuracy of, 19 
fair grade, 6, 20, 23t 
good grade, 6, 20, 23t 
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grades above fair, 19, 20 
key to, 23t 
of lateral trunk muscles, 185,/85 
Lovett system of, 22 
of muscle in test position, 16, 20 
normal grade, 6, 20, 23t 

use of term normal in grading, 24 
objectivity of, 6 
of oblique trunk flexors, 186,786 
in polio, 22, 41 
poor grade, 6, 20-21 

assumption of, 21 

poor minus, 20, 21 

poor plus, 20, 21 
pressure application and, 16 
prognostic significance of, 19 
of quadratus lumborum, 183 


recording on spinal nerve and muscle charts, 27c, 28, 29c, 


144c, 168c 

standardization of, 20, 22 

symbols for, 19, 22 

in test movement, 20, 22, 23t 

in test position. 16, 20, 23t 

of tests for infants and children, 19, 24 

trace grade, 6. 21, 22. 23t 

use of machines for, 6 

zero grade, 21. 22, 23t 
Gravity 

center of. 55, G-I 

line of, 55. 59. G-2 

resistance by, 19, 22 
Great auricular nerve, 725 
Guidelines for die clinician, 30 
Guillain-Barre syndrome, 459c-460c 


Hallux valgus. 400 
definition of, G-5 
shoe corrections for, 441 
Hamate, 259, 259 
Hammer toes, 441, 441 
analysis and treatment of, 94t 
Hamstrings, 65, 176. See also Biceps femoris; 
Semimembranosus; Semitendinosus 
contracture of, 417 
excessive stretching of, 62 
in flat-back posture, 68 
sacroiliac strain and, 222 
flexibility and length of, 105 
in kyphotic-lordotic posture, 66 
lateral. 419 
in lordotic posture. 67 
medial. 418 
passive insufficiency of, 12 
strengthening exercises for, 227 
stretching of. 390, 390. 463, 463 
positions to avoid, 390, 390 
in sway-back posture, 72 
tautness in standing position, 227 


testing length of, 12, 174, 174-175, 227, 382-389 (See 
also Forward bending test; Straight-leg-raising test) 
apparent length greater than actual length. 386, 386 
apparently normal, actually excessive, 385. 385 


apparently short, actually normal, 385. 385 
errors in, 388, 388 
excessive length, 174-175, 384-385 
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Hamstrings—continued 
forward bending test, 88, 174,174-175, 383, 383 
misdiagnosis on, 389, 389 
normal length. 777. 174, 384-385, 384-385 
problems with, 382 
in scoliosis, 109, 771 
shortness, 775, 386-387, 386-387, 417 
straight-leg raising, 383, 383, 388, 388 
testing strength of, 13, 88, 417-419, 417-419 
tight, 17 
lumbar spine hypertlexion and, 228 
weakness of, 226-227, 416, 417 
due to overstretching, 227 
Hand. See also Fingers; Thumb 
cutaneous nerves of, 256, 256 
intrinsic muscles of, 272-276 
dorsal interossei, 272, 272 
lumbricales, 274-275, 274-275 
palmar interossei, 273, 273 
shortness of, 276, 276 
spinal segment distribution to muscles of, 468c-469c 
Handedness 
acquired postural muscle weakness and, 95 
pattern of muscle imbalance and, 4 
posture and, 74, 76, 76 
in children, 97 
scoliosis and, 112 
Handheld dynamometers, 6-7, 7 
Head, 121-139 
case studies of facial paralysis, 134, 135c, 136, 137c 
cranial nerves of, 121, 122-123 
chart of, 124, 125с 
muscles innervated by, 122-123, 126t-127t 
facial and eye muscles, 126t-127t 
testing of, 28-133 
faulty positions of, 153, 753 
in flat-back posture, 68, 68 
forward, 61, 64, 66, 68, 153 
analysis and treatment of, 92t 
good and faulty posture summary chart, 91c 
in ideal alignment, 60, 61, 64, 65, 65, 73, 73 
in kyphotic-lordotic posture, 64, 66, 66, 143 
in lordotic posture, 67, 67 
muscles of deglutition, 138t-139t 
relationship to line of reference, 61 
rotation of, 58, 146 
standard position of, 143 
support of, 143 
in sway-back posture, 72, 72 
temporomandibular joint movements, 124 
tilt of, 58 


Head and neck extensors, spinal segment distribution to, 
468c-469c 
Headache 
due to tightness of posterior neck muscles, 159 
occipital, 33, 159 
tension, 159 
Heat, 37 
for cervical nerve root pressure, 160 
contraindications to, 37 
for coracoid pressure syndrome, 343 
deep, 37 
indications for, 37 
before massage, 36 
for tensor fasciae latae tightness, 449 
for teres syndrome, 344 
therapeutic effects of, 37 


for tight posterior neck muscles, 159 
use in poliomyelitis, 38 
whirlpool, 37 
Heel wedge, 445. 445-446 
Hinge joints, lOt 
ankle, 371 
elbow, 259 
interphalangeal joints 
of fingers, 258 
of thumb, 258 
of toes, 370 
knee, 371 
Hip abductors, 73, 73. 176 
exercises for, 434, 434, 462, 462 
in faulty alignment, 74-75 
paralysis of, 184 
testing strength of, 16, 184, 184, 432-433, 432-433 
poor grade on, 20-21 
in scoliosis, 109 
weakness of, 95, 434-435, 434-435 
lateral pelvic tilt due to, 112 
Hip adductors, 73, 73, 176, 426, 426-428 
action of, 426 
contracture of, 427 
in faulty alignment, 74-75, 229 
innervation of, 368t, 426 
lateral pelvic tilt due to imbalance of, 229 
origins and insertions of, 426 
rotator action of, 428, 428 
testing strength of, 16, 427, 427 
Hip extensors, 65, 167 
strengthening of, 462, 462 
testing strength of, 88, 180,/80 
poor grade on, 21 
in scoliosis, 109 
weakness of, 181, 226-227 
Hip flexors, 65, 167, 176 
contracture of, 422 


during curled-trunk sit-ups, 190-192, 190-192, 206-207 


imbalance between abdominals and, 205, 205 
during double-leg raising, 210 
in flat-back posture, 68 
in kyphotic-lordotic posture, 66 
in lordotic posture, 67, 70 
muscles acting as, 376, 396 
paralysis of, 205, 205 
during sit-ups, 206-207 
strengthening exercises for, 70 


stretching of, 224, 225, 225, 381, 381, 398, 396\ 462, 462 


in sway-back posture, 70, 72 
testing length of, 12, 376-380, 376-380, 395-397, 
395-397 
error in, 377, 377 
excessive length, 380, 380 
normal length, 378, 378, 379, 379 
in scoliosis, 109 
shortness, 206, 216, 376, 376, 422 
abdominal exercise for, 209, 209 
effect on hamstring length testing, 382, 387, 387 
in one-joint and two-joint muscles, 378, 378 
in one-joint muscles, 379, 379 
in sartorius, 380, 380 
in tensor fasciae latae, 380 
in two-joint muscles, 379, 379 
testing strength of, 88, 422, 422 
knee-bent sit-ups for, 104 
poor grade on, 21 
in scoliosis, 109 
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tightness of, 180, 181 
differential diagnosis of, 396 
one-joint flexors, 224, 224 
two-joint flexors, 225, 225 

weakness of, 422 

Hip joint(s), 168. 372 

abduction of, 366c, 372, 372 
range of motion for, 372, 434 

adduction deformity of, 427 

adduction of, 366c, 372, 372 
range of motion for, 372, 373, 373 

dislocation of, 96 

effect of lateral pelvic tilt on, 173, 173 

in faulty alignment. 74-75, 74-75 
prominent or high hip, 93t 

in flat-back posture, 68, 68. 92t 

flexion 2 extension of, 56. 62, 168, 190, 790. 366c, 372 


during curled-trunk sit-ups, 188-189. /88-189. 202 
range of motion for, 12, 187. 372 

good and faulty posture summary chart. 90c 

hyperextension of, 62, 72 

in ideal alignment, 60, 62, 64, 65, 65, 73. 73 

in kyphotic-lordotic posture, 64. 64. 66, 66 

lateral rotation of, 80 

in lordotic posture, 92t 

movements of, 57 


muscles controlling, 366c 
position related to handedness. 76, 76 
rotation of, 366c, 372 
about mechanical axis of femur, 428, 428 
in-toeing due to, 442 
medial rotation with pronation of feet. 448, 445 
in sitting position, 85 
standardizing position for hamstring length testing, 382, 
388 
in sway-back posture, 72, 72. 93t 
in zero position, 187. 190, 790 
Hip rotators, 429-431 
lateral, 430. 430-431 
action of, 430 
contracture of, 431 
innervation of, 430 
origins and insertions of, 430 
Shortness of, 431 
testing strength of, 431, 437 
weakness of, 431 
medial. 429 
contracture of. 429 
Shortness of, 429 
testing strength of, 429, 429 
weakness of, 429 
stretch weakness of, 35 
weakness of, 95 
Hyoglossus 
action of, 1381 
innervation of, 123, 723. 138t 
origin and insertion of, 138t 
role in deglutition, 138t 
Hyperextension, 56 
definition of, 56, G-3 
of hip joint. 62, 72 
of knee, 56. 62. 66, 67, 72. 81. 83. 84. 371. 371. 447 
analysis and treatment of. 94t 
bowlegs and, 447 
bracing for, 447 
in children. 99 
corrective exercise for, 116, //6, 447 
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due to hamstring weakness, 417 
popliteal space pain due to, 447 
stability in, 31 
of metacarpophalangeal joint, 15, 274, 274 
of metatarsophalangeal joint, 94t 79 
restraining forces against, 62 
of spine, 171. /77 
cervical. 92t, 143 
lumbar, 921, 180 
facet slipping and, 222 
during lifting. 230 
during sit-ups, 206 
Hyperflexion 
of lumbar spine. 228 
during lifting, 230 
of neck, 143 
of trunk. 207 
Hypoglossal nerve (CN XII), 722 
muscles innervated by, 123, 723. 1381 
Hypoventilation, 235 
Hypoxia, 235 


Ideal alignment, 59-63 
ankles in. 63, 73 
center of gravity in, 55 
in child. 98, 98 
definition of. G-2 
feet in. 63. 73, 80-82 
head and neck in, 61, 73 
hip joints in, 62, 73 
knee joints in. 62. 73, 80-82 
pelvis and low back in, 62, 73 
plumb line test for deviations of, 59, 60, 60 
posterior views of. 60, 60. 73, 73 
shoulders in. 61. 73, 78 
side views of, 60, 60. 64. 65. 71 
in sitting position, 85, 55 
upper back in. 61, 73 
liac spinets) 
anterior superior, 62, 64, 169. 173 
posterior superior, 62 
lliacus, 65. 365. 423. See also Шорѕоаѕ 
action of, 366c 
innervation of, 29c, 364c, 368t 
spinal segment distribution to. 470c-471c 
Iliocostalis cervicis. 177 
action of. 178t 
origin and insertion of, 178t 
Iliocostalis lumborum, 777 
action of, 178t 
origin and insertion of. 1781 
role in respiration, 238 
lliocostalis thoracis, 777 
action of. 178t 
origin and insertion of, 178t 
lliohypogastric nerve, 29. 362. 364, 368t 
lateral cutaneous branch of. 369 
muscles innervated by, 168c 
spinal segment distribution to, 472c 
llioinguinal nerve, 29. 362, 364. 369 
muscles innervated by, 168c 
spinal segment distribution to. 472c 
Шорѕоаѕ, 176 
action of, 423 
contracture of, 423 
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lliopsoas—continued 
exercises for, in scoliosis, 113,773 
strengthening exercises for, 228 
stretch weakness of, 35 
testing length of, 376 
testing strength of, 13, 422, 422, 423, 423 
tightness of, 224 
weakness of, 423 
in sway-back posture, 70, 227 
Iliotibial band, 9. 73, 436, 437, 437 
action of, 398 
stretched, leg pain due to, 450-451 
stretching of. 398, 398 
testing length of, in scoliosis, 109 
tightness of, 74, 398 
errors in testing for, 393, 393 
knock-knees with, 447 
leg pain due to, 449-450, 449-450 
Ober test for, 391-394, 392-394 
scoliosis due to, 112 
unilateral, lateral pelvic tilt due to, 439 
traction on, 32 
Immobilization 
of back for intervertebral disk protrusion, 452 
for pain relief, 52 
for stretch weakness, 35 
supports for, 37 
use in poliomyelitis, 38 
Impingement 
arm pain due to, 341 
definition of, G-2 
of muscles on nerves, 33 
In-toeing, 63, 442, 442 
due to forefoot adduction, 442 
due to internal rotation at hip level. 442 
due to medial torsion of tibia, 442 
due to tensor fasciae latae tightness, 442 
heel height and, 63 
shoe correction for, 442 
twister for correction of, 442, 443 
Indication, definition of, G-2 
Infants. See Children 
Infrahyoid muscles 
action of, 139t 
innervation of, 27c, 139t, 145c 
origins and insertions of, 130t 
spinal segment distribution to, 468c-469c 
testing of, 732 
Infraorbital nerve, 725 
Infraspinatus, 321, 327, 344, 349 
action of, 254c, 300t, 321 
innervation of, 27c, 248c, 257, 253c, 321 
origin and insertion of, 300t, 321 
spinal segment distribution to, 468c-469c 
testing strength of, 321, 327 
Infra trochlear nerve, 725 
Innervation. See also Nerves; specific muscles 
of abdominal muscles, 167 
of facial and neck muscles, 121, 122-123 
of lower extremities, 368, 368t 
cutaneous nerves, 369, 369 
lumbar plexus, 362, 362 
sacral plexus, 363, 363 
of muscles of deglutition, 138t-139t 
by nerves from brachial plexus, 27c, 248, 248c 
of upper extremities, 248c, 249-251, 252, 253c 
brachial plexus. 248, 248c, 249 
cutaneous nerves, 250, 256-257, 256-257 
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Inspiration, 233, 240-241. See also Respiration 
accessory muscles of, 237-238 
primary muscles of, 235-237 

Insufficiency 
active, 13, G-1 
passive, 12, G-4 
tendon, 15 

Intercostals 
externa], 235, 237 


innervation of, 29c, 168c 
origin and insertion of, 237 
spinal segment distribution to, 470c-47 1c 
internal, 235, 237 
innervation of, 29c, 168c 
origin and insertion of, 237 
spinal segment distribution to, 470c-47 1c 
paralysis of, 233, 237 
postural role of, 237 
role in respiration, 233, 237, 240-241 
Intercostobrachial nerve, 27, 250, 256, 257 
Interossei of foot 
dorsal, 365, 404, 404 
action of, 367c, 404 
innervation of, 29c, 364c, 404 
origins and insertions of, 404 
spinal segment distribution to, 470c-471c 
plantar, 404, 404 
action of, 367c, 404 
innervation of, 29c, 364c, 404 
origins and insertions of, 404 
spinal segment distribution to, 470c-471c 
testing strength of, 405, 405 
weakness of, 405 
Interossei of hand, 349 
dorsal, 272, 272 
action of, 255c, 272 
innervation of, 27c, 257, 272 
origins and insertions of, 272 
shortness of, 272 
spinal segment distribution to, 468c—169c 
testing strength of, 272, 272 
weakness of, 272, 275 
fixation provided by, 15 
palmar, 273, 273 
action of, 255c, 273 
innervation of, 27c, 257, 273 
origins and insertions of, 273 
shortness of, 273 
spinal segment distribution to, 468c-469c 
testing strength of, 273, 273 
weakness of, 273, 275 
testing length of, 276, 276 
Interosseous nerve of forearm. 
anterior, 252, 253c 
compression of, 32 
posterior, 252, 253c 
entrapment of, 252 
Interphalangeal joints of foot, 370 
flexion and extension of, 94t, 370, 370 
muscles controlling movements of, 367c 
Interphalangeal joints of hand 
fingers, 258 
muscles controlling movements of, 255c 
range of motion of, 295t 
thumb, 258 
flexion deformity of, 264, 266 
Interspinals 
action of, 179t 
origin and insertion of, 179t 
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Inlertransversarii. 177 

action of. 179t 

origin and insertion of. 179t 
Intervertebral disk. 168 

protrusion of. 452 
Inversion 

definition of. G-2 

of foot, 58. 63. 94t. 367c. 370 
Ipsilateral. definition of. G-2 
Isokinetic machines. 6 


Jaw opening and closing. 124 
Joint 
vs. articulation. 297 
definition of. 10. 297 
Joint measurement chart 
for lower extremity. 374c 
for upper extremity. 296c 
Joint motions. 5. See also Range of motion; specific joints 
of ankle, 56. 63, 367c. 370-371. 371 
of carpometacarpal joint of thumb, 255c. 258. 295t 
of carpometacarpal joints of fingers. 259 
of cervical spine. 146-147. 1471 
definitions of. G-2-3 
of elbow. 56. 254c. 259 
of foot. 367c 
of forearm. 254c 
of hip. 57. 62, 366c. 372-373. 372-373 
of interphalangeal joints 
of fingers. 255c. 258. 295t 
of thumb. 258. 295t 
of toes. 367c. 370 
of knee. 56. 62. 366c-367c. 371. 371 
measurement of. 12 
of metacarpophalangeal joints 
of fingers. 258. 295t 
of thumb. 255c. 258. 295t 
of metatarsophalangeal joint. 367c. 370 
of radioulnar joints. 259 
range of. 12 (See also Range of motion) 
of shoulder. 254c 
of subtalar joint, 370 
of temporomandibular joint. 124 
of transversal tarsal joint. 370 
of wrist. 57. 255c. 259 
Joint positions. 52 
Joint types. 10. lOt 
fibrocartilaginous (slightly movable). 10 
fibrous (immovable), 10. lOt 
synovial (freely movable), 10. lOt 


Knee joint(s), 371 
bowlegs and, 87-83. 99. 447 (See also Bowlegs) 
of children, 99 
effect of medial rotation of hip and pronation of feet on. 
448, 448 


extension in sitting position to stretch hamstrings. 390. 390 


in flat-back posture, 68, 68 
flexed, 81, 94t, 448, 448 
postural effects of, 448 
flexion and extension of, 12, 56. 62, 366c. 371, 371 
good alignment of, 60, 62. 63, 64. 65. 65. 80-82 
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good and faulty posture summary chart, 90c 


hyperextension of, 56, 62. 66. 67. 72, 81, 83, 84. 371, 371. 


447 
analysis and treatment of. 94t 
bowlegs and. 447 
bracing for, 447 
in children, 99 
corrective exercise for, 116, 116, 447 
due to hamstring weakness, 417 
popliteal space pain due to. 447 
stability in, 31 
knock-knees. 80-82. 99. 100. 447 (See also Knock-knees) 
in kyphotic-lordotic posture. 64, 64, 66, 66 
lateral and medial rotation of, 366c, 371 
in lordotic posture. 67, 67 
muscles controlling movements of, 366c 
problems of, 447-448 
in sitting position. 85, 55, 97 
standardizing position for hamstring length testing, 382, 
388 
in sway-back posture. 72. 72 
in zero position, 371 
Knock-knees. 80-82. 447 
analysis and treatment of. 94t 
bracing for, 447 
in children, 99, 700 
definition of, G-3 
due to medial hamstring weakness, 417 
pain due to, 447 
postural. 82. 83 
postural bowing compensatory for. 83, 53, 99, 447 
shoe corrections for, 447 
structural, 57 
with tightness of tensor fasciae latae and iliotibial band, 
447 
treatment of, 447 
Kyphoscoliosis. 114 
Kyphosis, 61 
analysis and treatment of. 92t 
cervical, as normal variant. 146 
definition of. G-3 
head and neck position in. 143 
in osteoporosis. 340. 340 
Kyphotic-lordotic posture, 64, 64. 66, 66. See also Lordosis 
abdominal oblique muscles іп. 66. 77. 198 
anterior pelvic tilt in. 64. 66, 223, 223 
in child, 98. 98 


Lacrimal nerve, 125 
Laryngeal muscles 
action of, 139t 
innervation of, 139t 
origins and insertions of, 139t 
role in deglutition, 1391 
role in respiration, 233 
Lateral, definition of, G-2. G-5 
Latissimus dorsi, 9, /95, 324. 324-325. 349 
action of, 254c. 300t. 324 
innervation of, 27c. 248c, 251. 253c. 324 
origin and insertion of, 300t. 324 
role in respiration. 238 
shortness of, 325. 325 
spinal segment distribution to, 468c-469c 
strengthening exercise for, 163, 163. 357. 357 
stretching of, 344, 344 
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Laiissimus dorsi—continued 
testing length of, 306. 306, 309, 309 
in scoliosis, 109 
testing strength of, 159, 324. 324-325 
tightness of, 310 
weakness of, 324 
Leg abductors, 176 
Leg length 
actual, 438 
apparent, 438 
discrepancy of 
apparent, caused by muscle imbalance, 439, 439 
lateral pelvic tilt due to, 112, 439, 439 
in lying position, 438 
measurements of, 438 
in standing position, 438 
Leg lowering 
abdominal muscle weakness during, 214, 274 
testing abdominal muscle strength during, 70, 200-201 
210-211.270-277 
grading of, 212-213, 273 
Leg pain, 449-454 
due to lateral pelvic tilt. 229 
due to protruded intervertebral disk, 452 
due to stretched tensor fasciae latae and iliotibial band. 
450-451,450-457 
due to tight tensor fasciae latae and iliotibial band, 
449-450, 449-450 
sciatica, 453-454 
Levator anguli oris 
action of, 126t 
innervation of, 123, 723 
origin and insertion of, 126t 
testing of, 729 
Levator cost arum 
spinal segment distribution to, 470c-471c 
Levator labii superioris 
action of, 126t 
innervation of, 122, 723 
origin and insertion of, 126t 
testing of, 730 
Levator labii superioris alaeque nasi 
action of, 126t 
origin and insertion of, 126t 
Levator palpebrae superioris 
action of, 126t 
innervation of, 122, 722 
origin and insertion of, 126t 
testing of, 733 
Levator scapulae, 326, 326. 342. 349 
action of, 3011, 326 
innervation of, 27c, 123, 723, 145c, 251, 253c, 326 
origin and insertion of, 30It, 326 
spinal segment distribution to, 468c-469c 
testing length of, 306, 306 
Levator veli palatini 
action of, 138t 
innervation of, 138t 
origin and insertion of, 138t 
role in deglutition, 138t 
Levatores costarum 
action of, 238 
innervation of, 29c, 168c 
origin and insertion of, 238 
role in respiration, 238 
Leverage, 16 
Lifting, 230-231. 237 
body mechanics and, 230-231 


Medical portal MedV 


excessive extension, 230 
excessive flexion, 230 
curve of lower back and, 231 
guidelines for, 230 
low back pain with, 226, 230 
squat lift, 230 
Ligaments, 9 
age-related tightening up of, 31 
capsular, 9 
collateral, 9 
cruciate, 9 
extracapsular, 9 
functions of, 9 
intracapsular, 9 
relaxed, 31 
Limp 
gastrocnemius, 411, 413 
gluteus medius, 434 
Line of gravity, 55, 59, G-2 
Linea alba, 795 
Long counter, 446 
Long-sitting position, 169 
Long thoracic nerve, 27c, 33, 144c, 248c, 249, 251, 253c, 
349. 476 
scalenus medius impingement on, 341 
spinal segment distribution to, 472c 
Longissimus capitis, 777 
action of, 178t 
origin and insertion of, 178t 
Longissimus cervicis, 777 
action of, 178t 
origin and insertion of, 178t 
Longissimus thoracis, 777 
action of, 178t 
origin and insertion of, 178t 
Longitudinal arch support, 446 
Longus capitis, 750 
action of, 149t 
innervation of, 27c, 145c, 149t 
origin and insertion of, 148t 
spinal segment distribution to, 468c-469c 
testing strength of, 154, 754 
Longus colli, 750 
action of, 149t 
innervation of, 27c, 145c, 149t, 249 
origin and insertion of, 148t 
spinal segment distribution to, 468c-469c 
testing strength of, 154, 754 
Lordosis, 61, 62, 67, 67, 71 
analysis and treatment of, 92t 
cervical, 146 
in child. 700 
definition of, G-3 
due to lumbar spine hyperflexion, 228 
due to tight low back muscles, 225-226 
due to tight one-joint hip flexors, 224 
due to tight two-joint hip flexors, 225, 225 
due to weak anterior abdominal muscles, 223 
due to weak hip extensors, 226-227 
facet slipping and, 222 
kyphotic-lordotic posture, 64, 64, 66, 66, 223, 223 
low back pain and, 223, 223-225 
oblique abdominal muscles and, 70 
sacroiliac strain and, 222 
in sitting position, 85, 65 
vs. sway-back posture, 71, 72, 227 
"weak back" and, 226 
Low back pain, 52, 167, 219-225 





anterior pelvic tilt and, 223. 223-225 
due to tight low back muscles, 225-226 
due to tight one-joint hip flexors, 224, 224 
due to tight two-joint hip flexors, 225, 225 
due to weak anterior abdominal muscles, 223-224 
due to weak hip extensors, 226-227 

back supports for, 226, 226 

back weakness and, 176, 226 

causes of, 2)9 

coccyalgia, 222 

due to hyperflexion, 228 

facet slipping, 222 

flat-back posture and, 228 

knee flexion for relief of, 448 

with lifting. 226. 230 

lumbosacral strain. 220 

muscle imbalance and, 8, 8t. 219 


gender differences in, 8t 
postural faults and. 219 
sacroiliac strain. 220-222 
treatment modalities for. 219 
Low back stretching, 242. 242 
Lower extremities. 361-463 
amputation of, 96 
case studies of neuromuscular problems of, 454 
common peroneal nerve involvement, 455c 
Guillain-Barrd syndrome, 459c-460c 
lumbosacral nerve lesion, 458c 
poliomyelitis. 461c 
possible L5 lesion, 456c-457c 
chart for analysis of muscle imbalance in, 399c 
corrective exercises for, 462-463, 462-463 
dermatomes of, 29. 168. 364. 455. 458 
development of, 56 
in faulty alignment. 64. 64. 69. 69. 80-84 
in flat-back posture. 68, 68 
foot problems. 440-^43. 441-143 
shoes and shoe corrections for. 444 446, 444-446 
good and faulty posture summary chart. 90c 
in ideal alignment. 60. 62-64. 64. 65. 65. 73. 73. 80-82 
innervation of. 29c. 364c. 365. 368. 368t 
cutaneous nerves. 369. 369 
lumbar plexus. 362, 362 
sacral plexus, 363, 363 
joint measurement chart for, 374c 
joint movements in, 370-373 
ankle joint. 370-371. 371 
hip joint. 372-373. 372-373 
interphalangeal joints of toes. 370 
knee joint. 371, 377 
metatarsophalangeal joint, 370 
subtalar joint, 370 
transverse tarsal joint, 370 
knee problems. 447-448, 448 
in kyphotic-lordotic posture, 64, 64. 67, 67 
lateral rotation of, 80 
leg-length measurements, 438 
apparent leg-length discrepancy caused by muscle 
imbalance. 439. 439 
leg pain, 449^154 
in lordotic posture, 67, 67 
muscle chart for, 366c-367c 
muscle length testing in 
ankle plantar flexors. 375, 375 
hamstrings, 382-389, 383-389 
hip flexors. 376-380. 376-380 
as percentage of body weight, 208 
polio/postpolio muscle chart for, 43c 
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relationship to line of reference, 62, 84 
spinal nerve and motor point chart for, 365 
spinal nerve and muscle chart for, 29c. 364c 
spina] segment distribution to muscles of, 470c-471c 
spinal segment distribution to nerves of, 472c 
strength testing for. 400-437 
treatment for muscle length problems of, 375 
Lumbar plexus, 362, 362. 365. 368t 
muscles innervated by. 168c, 364c 
peripheral nerves from, 29c 
spinal segment distribution to, 472c 
Lumbar spine. 167 
extension of. 170 
in faulty alignment, 74-75, 74-75 
in flat-back posture. 64, 64. 68, 68 
flexion of, 170. G-3 
in children, 100-101. 701 
hyperflexion. 228 
hyperextension of, 92t. 180 
anterior pelvic tilt and, 173 
facet slipping and, 206 
during sit-ups. 206 
in ideal alignment. 61, 62, 64. 64, 65, 65. 73. 73 
in kyphotic-lordotic posture, 64. 64, 66, 66 
in lordotic posture. 67, 67 
normal curvature of. 64. 64 
possible L5 lesion, 456c-457c 
in sway-back posture, 64. 64. 72. 72 
Lumboinguinal nerve. 29, 364 
Lumbosacral nerve lesion. 458c 
Lumbosacral plexus, 368t 
Lumbosacral strain. 220 
Lumbricales of foot. 365, 404. 404 
action of. 367c, 404 
innervation of, 29c. 364c. 404 
origins and insertions of. 404 
spinal segment distribution to. 470c-471c 
testing strength of. 405, 405 
weakness of, 405. 441 


Lumbricales of hand, 274, 274. 349 


action of. 255c. 274 

fixation provided by. 15 
innervation of, 27c. 251. 274 
origins and insertions of, 274 
shortness of, 275 


spinal segment distribution to. 468c—469c 
testing length of. 276, 276 

testing strength of, 274-275. 274-275 
weakness of. 275 


Lunate. 259. 259 
Lungs. 167 


diseases of, 233, 235 


Lying position 


exercises in, 463 
mattresses and, 232 
measuring leg length in. 438 
pillows and, 232 


Mandibular movements, 124 
Mandibular nerve, 125 
Manual muscle testing, 4-8. See also Muscle length testing; 


Strength testing; Test 
art of, 4 
for faulty posture, 4 
fundamental components of, 5 
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Manual muscle testing—continued 
grading in, 19—24 (See also Grading) 
historical note on, 8, St 
of individual muscles, 5 
instrumentation for, 6 
objectivity in. 6-8 
order of, 14, 18 
as part of physical examination, 4 
in postpolio syndrome, 39—40 
principles of, 5 
reliability of, 6 
science of, 4 

Marie-Strumpell arthritis, 31, 96 

Massage, 36 
for coracoid pressure syndrome, 343 
for edema, 36 
indications for, 36 
of neck muscles, 162, 762 

for cervical nerve root pressure, 160 
for muscle spasm, 143 
for tight neck extensors, 147, 159 
upper trapezius. 160 
with stretching, 36 
for tensor fasciae latae tightness, 449 
for teres syndrome, 344 

Masseter 
action of, 126t 
innervation of, 122. J23 
origin and insertion of, 126t 
temporomandibular joint disorders affecting, 124 
testing of, 737 

Mattresses, 232 

Maxillary nerve, 125 

Medial, definition of, G-2, G-5 

Median nerve, 27, 33, 248, 249, 250, 251, 252, 253c, 349 
compression or tension on, 32 
muscles innervated by, 27c, 144c, 252 
palmar cutaneous branches of, 256 
pronator impingement on, 341 
spinal nerve and muscle chart indicating lesion of, 348c 
spinal segment distribution to, 472c 

Mental nerve, 725 

Mentalis 
action of, 126t 
innervation of, 123, 723 
origin and insertion of, D6t 
testing of, 737 

Metacarpal bones, 259 

Metacarpophalangeal joints 
of fingers, 258 
hyperextension of. 15, 274, 274, 279 
muscles controlling movements of, 255c 
range of motion of, 295t 
of thumb, 258 

flexion deformity of, 265, 267 

Metatarsal arch strain, 441 

Metatarsal bar. 441, 445, 446 

Metatarsal bones, 370 

Metatarsal pad, 441, 446 

Metatarsophalangeal joint, 370 
abduction and adduction of, 367c, 370 
flexion and extension of, 367c, 370 
hyperextension of, 94t 
muscles controlling movements of, 367c 

Midcarpal joint, 259 

Mobility 
definition of, G-3 
excessive, 31 


faulty alignment and, 31 
vs. stability as desired treatment outcome, 31 
Morton's neuroma, 32 
Multifidus, 777 
action of, 179t 
origin and insertion of, 179t 
Multiple sclerosis, 35 
Muscle balance, 4 
definition of, G-3 
posture and, 51,53 
Muscle fibers, 9 
arrangement in fasciculi, 11 
type I (red slow twitch), 9 
type II (white fast twitch), 9 
Muscle guarding, 52. See also Muscle spasm, protective 
Muscle imbalance, 4 
in abdominals, umbilicus deviation and, 218 
between abdominals and hip flexors, 205, 205 
activities related to, 4 
in anterior pelvic tilt, 223, 223 
apparent leg-length discrepancy caused by, 439, 439 
causes of, 4 
chart for analysis of 
in lower extremity, 399c 
in upper extremity, 260c 
definition of, 17 
exercises for, 51, 116 
handedness and pattern of, 4 
lateral pelvic tilt and. 112, 229 
low back pain due to, 8, 8t, 219 
gender differences in, 8t 
manual muscle testing for, 4 
in musculoskeletal disorders, 4 
respiratory effects of, 234 
scoliosis and, 107, 108. 114 
Muscle length testing, 4, 5, 12, 88 
accuracy of, 12 
of ankle plantar flexors, 375, 375 
correlation between joint range and muscle length, 12 
of gastrocnemius, 375, 375 
of hamstrings, 777, 174, 174-175. 382-389, 383-389 
in scoliosis. 109, 777 
of hip flexors, 376-380, 376-380. 395-397, 395-397 
of humeral and scapular muscles, 306-311, 306-311 
of intrinsic muscles of hand, 276, 276 
of latissimus dorsi, 309, 309 
objectivity of, 6 
passive or passive-assisted movements for, 12 
of pectoralis major, 308, 308 
of pectoralis minor, 307, 307 
of plantaris. 375, 375 
of popliteus, 375, 375 
purpose of, 4, 12 
range of muscle length, 12 
of rhomboids. 309. 309 
in scoliosis, 109, 777 
of shoulder rotators, 310, 370-311 
of soleus, 375, 375 
of teres major, 309, 309 
Muscle spasm, 34-35 
associated with tendon injury, 35 
causes of, 34 
definition of, 34, G-4 
massage for, 36 
of neck muscles, 143 
protective, 34, 52 


definition of, G-4 
of upper trapezius, 342 
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segmental, 35 

treatment of, 34 

of upper trapezius, 160 

use of supports for, 34 
Muscles, 9 

active insufficiency of, 13, G-I 

adaptive shortening of, 35, 52, G-I 

agonists, 5, 17, G-I 

antagonists, 5, 17, G-I 

denervation atrophy of, 36 

fan-shaped, 11, lit 

fixation, 15 

functions of, 5 

fusiform. 11, lit 


grading of, 19-24 (See also Grading) 
gross structure of. 11. 1 It 


intervening, G-2 
manual testing of, 4-8 (See also Muscle length testing; 


Strength testing; Test) 





t, 13 
overlapping actions of, 5 

passive insufficiency of, 12, G-4 
pennate, 11. lit 

as percentage of body weight, 9 

power of. 11 

prime movers. 5 

"put on a slack," G-4 

role in support of skeletal structures. 31 
shortness of. G-4 

spinal segment distribution to, 25, 466-467, 468c-47Ic 
substitution by, 17 

taut, 17, G-5 

tight, 17. G-5 

two-joint. 13 

of upper extremity. 254c-255c. 261-294 


Musculocutaneous nerve. 33. 248. 249. 251. 252, 253c. 349 


coracobrachialis impingement on, 341 

muscles innervated by, 27c. 144c, 252 

palmar cutaneous branches of, 256 

spinal segment distribution to, 472c 
Musculoskeletal problems, 4. 5 

adaptive shortening. 35. 52. G-1 

mechanical causes of pain. 34 

muscle spasm, 34-35 

stretch weakness, 35 
Musculoskeletal system. 9 
Musculotendinous junction, 9 
Mylohyoid, 151 

action of, 138t 

innervation of, 138t 

origin and insertion of. 138t 

role in deglutition. 138t 


Nasal nerve, ;25 
Nasalis 
action of, 126t 
innervation of. 123. 123 
origin and insertion of, 126t 
testing of, 128 
Navicular, 370 
Neck, 143-163. See also Cervical spine 
of children, 100 
dermatomes of. 27. 250, 347. 348. 350-352 
extension of. 61. 143. 146. 147t. 152 
hyperextension, 92t, 143 
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faulty positions of, 143, 153,153 
in flat-back posture, 68, 65 
flexion of, 146, 1471, 1491, 152 
hyperflexion, 143 
lateral, 58. 146, 147t, 149t 
in ideal alignment. 60. 61, 73, 73, 143 
lateral flexion of, 58, 146 
in lordotic posture, 67, 67 
position related to upper back, 143 
posterior, stretching of, 116, ;/6 
range of motion of, 147, 147t 
measurement of, 147 
rotation of, 58, 146, 147t, 149t 
spinal nerve and muscle chart for, 27c, 144c 
in sway-back posture, 72, 72 
vulnerability to stress and injury, 143 
whiplash injury of, 143 
wry, 96 
Neck extensors, 177 
actions of, 1781-1791 
innervation of, 27c, 145c 
in kyphotic-lordotic posture, 66 
massage and stretching of, 147 
origins and insertions of, 178t-179t 
shortness of, 157 
stretching of, 163, 163 
testing strength of, 157 
Neck flexors 
anterior 
contracture of, 154 
error in testing of, 155, ;55 
grading strength of, 155 
testing strength of, 154, 154 
weakness of, 154 
anterolateral 
contracture of, 156 
stretching of. 163, 163 
testing strength of, 156, 156 
weakness of, 156 
in kyphotic-lordotic posture, 66 
in sway-back posture, 72 


Neck muscles 


actions of, 149t 
anterior. 50-151 

weakness of. 95 
deep, ;22 
innervation of, 122-123. 122-123. |49t 
lateral, 150-151 
massage of, 143, 147. 159, 160, 162. 162 
origins and insertions of, 148t 
polio/postpolio muscle chart for, 43c 
posterior, tightness of, 17, 159 
spasm of. 143 

massage for, 143 
stretching of. 163, 163 
superficial. 123 
testing strength of. 154-158, 154-158 


Neck pain, 159-160 


computer ergonomics and, 161, 161 

due to cervical nerve root pressure, 160 

due to tightness of posterior neck muscles. 159 
due to upper trapezius strain, 160, 160 
massage for, 143, 147, 159, 160, 162. 162 


Nerve impingement, 33 
Nerve plexus, 25 


brachial, 248, 248c, 249 
cervical, 33, 144 
definition of, 25 
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Nerve plexus—continued 
lumbar, 29c, 362, 362, 368t 
lumbosacral, 368t 
pharyngeal, 722. 123, 138t-139t 
sacral, 363,363, 368t 
Nerves, 25. See also Innervation; specific nerves 
compression of, 32, 341 
cranial, 121. 122-123 
chart of, 124, 125c 
cutaneous, 26, 27, 29 
of lower extremity, 369, 369 
of upper extremity, 250, 256-257, 256-257 
peripheral (See Peripheral nerves) 
spinal. 25 
cervical, 26, 144c. 745. 149t 
thoracic, 168c 
to tendons, 9 
tension on, 32 
pain due to, 34 
traumatic injury of, 31-32 
Neuromuscular problems, 32-33. See also Poliomyelitis 
of lower extremities, case studies of, 454 
common peroneal nerve involvement, 455c 
Guillain-Barre syndrome, 459c-460c 
lumbosacral nerve lesion, 458c 
poliomyelitis, 461c 
possible L5 lesion, 456c-457c 
nerve compression and tension, 32 
nerve impingement, 33 
scoliosis due to. 108. 708 
weakness due to, 4, 31 
Normal 
definition of, 24, G—3 
use of term in muscle grading. 24 
Nutrition, 96 


Ober test, 391-394 
definition of, G-3 
errors in, 393, 393 
historical note on, 391 
modified, 373. 392-394, 392-394 
equipment for, 394 
normal range of motion on, 394 
starting position for, 394 
test movement for, 394 
normal length on, 392, 392 
original procedure for, 391, 392, 392 
positive result on, 393, 393 
Obesity 
effects on respiration, 234 
low back pain and, 219 
Objectivity 
definition of, G-3 
in grading, 6 
in manual muscle testing, 6-8 
Oblique abdominal muscles 
external, 9, 65, 73, 176, 195, 795. 198, 199 
action of, 195 
during leg lowering, 70, 211, 277 
anterior fibers of, 195, 198 
in flat-back posture, 77 
in good alignment, 77 
innervation of, 29c, 168c, 195 
in kyphotic-lordotic posture, 66, 77, 198, 227 
lateral fibers of, 195, 79«, 207 


origins and insertions of, 195 
posture and. 70. 70. 77 
in scoliosis, 113, 201 
shortness of. 198 
spinal segment distribution to, 470c-471c 
strengthening exercises for, 70, 215-216, 215-216, 243, 
243 
in scoliosis, 113 
in sway-back posture, 70, 77, 72, 198, 227 
weakness of. 70. 198, 216 
grading of, 217 
imbalance in, 185 
internal, 9, 73, 196, 796. 795. 799 
action of, 196 
in good alignment, 77 
innervation of, 29c. 168c. 196. 368t 
in kyphotic-lordotic posture. 198 
lateral fibers of. 196, 795. 200 
lower anterior fibers of, 196, 795 
origins and insertions of, 196 
shortness of, 198 
spinal segment distribution to, 470c-47 1c 
in sway-back posture, 77, 72, 198 
upper anterior fibers of, 196, 795 
weakness of, 198 
role in respiration, 237 
testing strength of, 88 
differentiating actions of upper and lower abdominals, 
200-201, 200-201 
in scoliosis, 109 
Obliquus capitis inferior 
action of, 149t 
innervation of, 149t 
origin and insertion of, I48t 
Obliquus capitis superior 
action of, 149t 
innervation of, 149t 
origin and insertion of, 148t 
Obliquus inferior oculi 
action of, 127t 
innervation of, 122, 722 
origin and insertion of, 127t 
Obliquus superior oculi 
action of, 127t 
innervation of, 122, 722 
origin and insertion of, 127t 
Obturator extemus, 365, 430, 430 
action of, 366c, 430 
innervation of, 29c, 364c, 430 
origin and insertion of, 430 
spinal segment distribution to, 470c-471c 
testing strength of, 431, 437 
Obturator internus, 365, 430, 430, 453 
action of. 366c, 430 


innervation of, 29c, 363, 364c, 368t, 430 
origin and insertion of, 430 
spinal segment distribution to, 470c-471c 
testing strength of, 431, 437 
Obturator nerve. 362, 365, 368, 368t 
articular branch of, 368 
cutaneous branch of, 369 
muscles innervated by, 29c, 168c, 364c, 368 
muscular branch of, 368 
spinal segment distribution to, 472c 
Occipital nerve 
greater, 33,125, 159 
trapezius impingement on, 341 
lesser, 725 
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Occipitalis, innervation of, 122, 123 
Oculomotor nerve (CN III), 122 
muscles innervated by, 122. 122, 126t-127t 
Olfactory nerve (CN 1), 121. ;22 
Omohyoid 
inferior belly of, 151 
action of, 139t 
innervation of, 123, 123, 139t 
origin and insertion of, 139t 
role in deglutition. 139t 
superior belly of. 151 
action of. 139t 
innervation of. 123. /23, 139t 
origin and insertion of. 139t 
role in deglutition, 1391 
Ophthalmic nerve. 125 
Opponens digiti minimi of foot. 365 
innervation of. 29c. 364c 
spinal segment distribution to. 470c-47Ic 
Opponens digiti minimi of hand. 269, 269. 349 
action of. 255c. 269 
innervation of. 27c. 251, 269 
origin and insertion of. 269 
spinal segment distribution to. 468c-469c 
testing strength of. 269, 269 
weakness of. 269 
Opponens pollicis. 263. 263. 349 
action of, 255c. 263 
innervation of, 27c. 251. 263 
origin and insertion of. 263 
spinal segment distribution to. 468c-469c 
testing strength of. 263. 263 
weakness of, 263 
Optic nerve (CN П). 121, 122 
Optimal test position. IS 


definition of. G-4 
Orbicularis oculi 
action of, 127t 
in Bell's palsy. 134 
innervation of, 122, 123 
origin and insertion of. 127t 
testing of. 130. 132 
Orbicularis oris 
action of. 127t 
innervation of. 122. ;23 
origin and insertion of. 127t 
Organs of Golgi, 9 
Osteoarthrosis, 159 
Osteoporosis. 340. 340 
Out-toeing, 63. 443 
in children, 99, 443 
due to Achilles tendon tightness. 443 
due to external rotation from hip level, 443 
due to forefoot abduction. 443 
due to lateral torsion of tibia. 443 
heel height and, 63 
shoe corrections for, 443 
in standard posture. 63 
twister for correction of. 443, 443 
Overstretch. 3 J 


definition of, G-4 
Overstretch weakness 
definition of, G-4 
of hamstrings, 227 
Overuse injury 
definition of, 356 
of upper extremity. 356-357 
causes of, 356 
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conservative treatment of, 356 
diagnosis of, 356 


Oxygen consumption, 234, 235. See also Respiration 


Pain. 5 
arm, 341-345 
back 
lower, 52, 167, 219-222 
upper, 338-340 
distribution of, 34 
due to knee hyperextension, 447 
due to knock-knees, 447 
foot, 440 
immobilization for, 52 
leg, 449-454 
mechanical causes of, 34 
neck, 159-160 
postural, 51,52 
referred. 34, G-4 


serratus anterior paralysis with, 337 


treatment modalities for. 36-37 
Palatoglossus 

action of. 138t 

innervation of, /22. 123. 1381 

origin and insertion of. 1381 

role in deglutition. 138t 
Palatopharyngeus 

action of, 138t 

innervation of. 138t 

origin and insertion of, 138t 

role in deglutition, 138t 
Palmar, definition of, G-5 
Palmaris brevis. 277. 277. 349 

action of. 277 

innervation of. 27c, 251. 211 

origin and insertion of, 277 


spinal segment distribution to. 468c-469c 


Palmaris longus, 277, 277. 282. 349 
action of. 254c-255c. 277 
innervation of. 27c, 251. 277 
origin and insertion of, 277 


spinal segment distribution to. 468c-469c 


testing strength of, 277, 277 
weakness of. 277 
Palsy. See also Paralysis 
Bell's. 134, 135c, 136. 137c 
"Saturday night." 32 
Paralysis, 5. 31 

crutch, 32 

of diaphragm, 233 

of extensor hallucis brevis, 403 

of extensor hallucis longus, 403 

facial, 134, 135c, 136. 137c 

of flexor digitorum longus, 406 

of gluteus medius. 434 

of hip abductors, 184 

of hip extensors. 226-227 

of hip flexors. 205. 205 

of intercostals, 233, 237 

of interossei of hand, 275 

of lumbricales of hand, 275 

peroneal nerve, 449 

in polio, 39 

of serratus anterior, 252, 335, 335, 
474-479, 475, 478 


337, 337, 474. 
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Paralysis—continued 
of trapezius, 337, 337 
treatment of muscles affected by, 36 
in West Nile Virus infection, 39 
Passive insufficiency, 12 
definition of, G-4 
Patella(e), 371 
in faulty alignment. 80 
in good alignment, 50 
Patellar tendon insufficiency, 15 
Patient positioning, 15—16 
Pectineus, 365, 426,426 
action of, 366c, 426 
innervation of, 29c, 364c, 368t, 426 
origin and insertion of, 426 
spinal segment distribution to, 470c-471c 
testing strength of, 427, 427 
Pectoral nerve 
lateral, 27c, 144c, 249, 257, 349 
muscles innervated by, 27c, 248c, 253c 
spinal segment distribution to, 472c 
medial, 144с, 249. 251. 342. 349 
muscles innervated by, 27c, 248c, 253c 
spinal segment distribution to, 472c 
Pectoralis major. 318-319. 349 
lower fibers of. 319, 379 
action of, 254c, 300t, 319 
innervation of, 319 
origin and insertion of, 300t, 319 
shortness of, 319 
testing strength of, 319, 379 
weakness of, 319 
role in respiration, 238 
shortness of, 308 


spinal segment distribution to, 468c-469c 
structure of, 11 
testing length of, 306, 306. 308, 308 
testing strength of, 13 
upper fibers of. 318, 378 
action of, 254c, 300t. 318 
innervation of, 27c, 248c, 257. 253c, 318 
origin and insertion of, 300t, 318 
shortness of, 318 
testing strength of, 318, 579 
weakness of, 318 
Pectoralis minor, 299. 320, 320. 342. 349 
action of, 3011, 320 
innervation of, 27c, 248c, 249. 257, 253c, 320 
origin and insertion of, 30It, 320 
role in respiration, 238 
shortness of, 320 
spinal segment distribution to, 468c-469c 
stretching of, 343, 343. 357, 357 
testing length of, 306, 307, 307 
testing strength of., 320, 320 
tightness of, 307, 309 
Pelvic tilt, 58. 64 
anterior, 58. 62, 173, 773. 223-227 
back supports for, 226, 226 
definition of, 173, G-4 
due to tight low back muscles, 225-226 
due to tight one-joint hip flexors, 224, 224 
due to tight two-joint hip flexors, 225, 225 
due to weak anterior abdominal muscles, 223-224 
due to weak hip extensors, 226-227 
in kyphotic-lordotic posture, 64, 64, 66, 66, 223, 223 
in lordotic posture, 67. 67, 70. 77, 921 
low back pain due to, 223-225 
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muscle imbalances in, 223, 225 
posterior pelvic tilt exercises for, 70, 92t 
definition of, G-4 
effect on hamstring length testing, 382, 388 
lateral, 58, 64, 74-75. 74-75, 173. 773. 229 
definition of, 173, G-4 
gluteus medius weakness and, 112, 229 
leg-length discrepancy and, 112, 439, 439 
leg pain due to, 229 
low back pain due to, 229 
muscle imbalance and, 112, 229 
rotation of pelvis on femurs with, 229 
scoliosis due to. 109, 112 
shoe lifts for, 114. 229 
posterior, 58. 62, 64, 64, 68, 68, 71. 72. 72. 173, 773. 
227-228 
definition of, 173, G-4 
in flat-back posture, 64, 64. 68, 68, 227. 228 
in osteoporosis, 340, 340 
in sway-back posture, 64, 64, 70, 77, 72, 72. 93t, 227, 
227-228 
Pelvis. 167. 168 
good and faulty posture summary chart, 90c-9 1c 
in ideal alignment, 60, 61, 64, 64, 65, 65. 73, 73 
neutral position of, 59, 62, 64, 64. 65, 65. 77 
definition of, 173, G-3 
muscle control for maintenance of, 65, 65, 223 
position related to handedness, 76, 76 
relationship to line of reference, 62 
rotation of, 58 
trunk muscles attached to, 176 
in zero position. 190, 790 
Peripheral nerves, 25 
from brachial plexus, 27c, 248, 248c, 249 
from cervical plexus, 144c, 145 
compression of, 32 
impingement on, 33 
injury of, 31-32 
stretch weakness superimposed on, 355 
from lumbar plexus, 29c, 362, 362 
pain in areas supplied by, 34 
from sacral plexus, 363, 365 
on spinal nerve and muscle charts, 26, 28 
for neck, diaphragm, and upper extremity, 27c, 144c 
for trunk and lower extremity, 29c, 168c 
spinal segment distribution to, 25, 466-467, 472c 
tension on, 32 
of upper extremities, 248, 249-251, 252, 253c 
Peroneal nerve, 368, 368t 
common, 29. 365, 364, 449 
cutaneous branches of, 569 
spinal segment distribution to, 472c 
traumatic injury with involvement of, 455c 
compression or tension on, 32, 449 
deep, 29, 564, 565. 569. 449 
irritation due to tensor fascia latae tightness, 449 
muscles innervated by, 29c, 168c, 364c, 368 
paralysis of, 449 
superficial, 29, 364, 365, 449 
Peroneus brevis, 73. 73. 565. 412, 472 
action of, 367c, 412 
contracture of, 412 
effects of inversion injury of foot on, 9 
in faulty alignment, 74-75 
innervation of, 29c, 364c, 368t, 412 
origin and insertion of, 412 
spinal segment distribution to, 470c-471c 


testing strength of, 13. 412. 4/2 
weakness of. 95. 412 
Peroncus longus. 73, 73. 365, 412. 412, 449 
action of. 367c. 412 
contracture of. 412 
in faulty alignment, 74-75 
innervation of. 29c. 364c. 368t. 412 
origin and insertion of, 412 
spinal segment distribution to. 470c-471c 
testing strength of. 13. 412, 412 
weakness of. 95. 412 
Peroneus tertius. 365, 408, 408 
action of. 367c. 408 
contracture of. 409 
innervation of. 29c, 364c. 368t. 408 
origin and insertion of, 408 
spinal segment distribution to. 470c—471c 
testing strength of, 13. 409, 409 
weakness of, 409 
Phalanges 
of fingers. 258 
of thumb. 258 
of toes. 370 
Pharyngeal muscles 
action of. 139t 
innervation of, I39t 
origins and insertions of. 139t 
role in deglutition. 139t 
Pharyngeal plexus. 122. 123, 1381-Ј391 
Phrenic nerve. 236. 249 
muscles innervated by. 27c. 144c 
spinal segment distribution to. 472c 
Physical examination. 4 
Physical fitness tests. 104-105 
knee-bent sit-ups, 104 
push-ups. 105 
sit-and-reach, 105 
usefulness of. 104 
Pigeon-toes. See In-toeing 
Pillows. 159. 232 
Piriformis. 33, 365. 430, 430. 453 
action of. 366c. 430. 453 
innervation of. 29c. 363. 364c. 368t. 430 
origin and insertion of. 430, 453 
spinal segment distribution to. 470c-471c 
stretched, sciatic pain due to. 453 
testing strength of. 431, 437 
Pisiform. 259 
Pivot joints 
of cervical spine. 168 
radioulnar, 259 
Planets). 55 
coronal (frontal, lateral). 55. 55 
definition of, G-4 
ideal alignment in. 60. 60 
movements in. 54. 56. 56 
definition of. G—4 
intersection at center of gravity. 55 
midsagittal. 55 


ideal alignment in. 60, 60 
sagittal (anierior-posierjor). 55, 55 
definition of, G-4 
movements in. 54. 57, 57 
transverse. 55. 55 
definition of. G—4 
movements in. 54. 58, 55 
Plane joints, 101 
Plantar, definition of, G-5 
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Plantar flexion. 63. 370-371, 371 
definition of, G-3 
in flat-back posture, 68 
knee hyperextension and, 94t 
in kyphotic-lordotic posture. 66 
in lordotic posture. 67 
muscles controlling. 367c 
range of motion in, 37 J 

Plantar flexors. 367c. 413-415 
contracture of, 413 
muscles acting as, 415 
shortness of, 413, 415 
testing length of. 375. 375 
testing strength of. 413, 4/3. 415, 415 
weakness of. 413, 415 

Plantar nerve 
lateral, 29. 364, 365, 369 


muscles innervated by, 29c, 364c 
medial. 2P. 364. 365. 369 
muscles innervated by, 29c. 364c 
Plantaris. 365. 415, 415 
action of, 367c, 415 
innervation of, 29c. 364c. 415 
origin and insertion of. 415 
spinal segment distribution to. 470c-47Jc 
testing length of. 375. 375 
testing strength of. 415, 415 
Platysma 
action of, 1271. 1491 
innervation of. 123. 123, 149t 
origin and insertion of. 1271. 1481 
testing of. 130 
Play activities. 97 
Plexus. 25 
brachial. 248, 248c. 249 
cervical, 33. 144 
definition of. 25 
lumbar. 29c. 362. 362. 368t 
lumbosacral, 368t 
pharyngeal, 122. 123. 1381-1391 
sacral. 363, 363. 368t 
Plumb line. 86. 87 
definition of. 59. G-4 
deviations from. 59. 64, 64. 69. 69 
points of reference and. 59 
Plumb line test. 59. 86 
faulty alignment on. 64, 64, 66-69. 66-69 
ideal alignment on. 60. 60-63. 64 
in scoliosis. 109 


Poliomyelitis. 38-41. See a/so Postpolio syndrome 


2004 outbreak in Africa. 39 

complications of. 44 

diaphragm function in. 235 

factors influencing treatment of, 38 

grading in. 22. 41 

manual muscle testing in. 39 
explanation of polio/postpolio charts. 40 
lower extremity. 41 


neck, trunk, and lower extremity muscle charts. 43c, 


461c 
upper extremity, 41 
upper extremity muscle chart. 42c 
Scoliosis due to. 107. 108. 708. 112 
vs. scrratus anterior paralysis. 477 
stretch weakness in, 35 
Popliteus. 365. 416,4/6 
action of. 366c-367c. 416 
innervation of, 29c. 364c. 416 
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Popliteus—continued 
origin and insertion of, 416 
shortness of, 416 
spinal segment distribution to. 470c—471c 
stretching due to knee hyperextension, 447 
testing length of. 375, 375 
testing strength of, 416, 4/6 
weakness of, 416 
Posterior, definition of, G-2 
Posterior pelvic tilt exercise, 70, 92t, 215, 275 
knee-bent position for, 216-217 
Postpolio syndrome (PPS), 39. See also Poliomyelitis 
diagnosis of, 39-40 
manual muscle testing in, 39-41 
explanation of polio/postpolio charts, 40 
lower extremity. 41 
neck, trunk, and lower extremity muscle chart, 43c 
upper extremity, 41 
upper extremity muscle chart, 42c 
prevalence of, 39 
treatment goals for, 39 
treatment of, 40 
Postural alignment, 51 
axes related to, 54 
faulty. 51 
acquired postural weakness. 95 
analysis and treatment of, 92t-94t 
arm pain due to, 341 
in children, 98. 98, 100 
corrective exercises for, 51, 116,776 
lack of mobility and, 31 
low back pain due to, 219 
manual muscle testing in, 4 
muscle strength testing for, 88 
posterior views of, 74-75, 74-75, T1, 77-79 
scoliosis and, 112, 772 
side views of, 64, 64, 66-69. 66-69. 77, 77 
weakness due to, 4 
flat-back posture. 62, 64, 64, 68, 68 
good and faulty posture summary chart, 90c-91c 
handedness and, 74, 76, 76 
ideal, 59-63 (See also Ideal alignment) 
influences on, 51 
kyphotic-lordotic posture, 64, 64, 66, 66 
lordotic posture, 67,67 
planes related to, 55, 55 
movements in, 56-58, 56-56% 
in sitting position, 85, 85 
static, 53 
sway-back posture, 61, 64, 64, 72, 72 
Postural examination, 59, 86-89 
of alignment in standing, 86 
of children, 88 
clothing for, 86 
components of, 59 
equipment for, 59, 86, 87 
interpretation of test findings, 88 
muscle strength tests, 88 
plumb line for, 59, 60, 60 
recording findings of 
postural examination chart, 89c 
summary chart. 90с—91с 
for scoliosis, 107 
tests for flexibility and muscle length, 88 
Postural pain, 51, 52 
causes of, 52 
immobilization for, 52 
muscle guarding due to, 52 
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onset and severity of, 52 

treatment of acute vs. chronic conditions causing, 52 
Posture, 51-116 

in anatomical position. 54, 54 

body mechanics and, 51 

body segments and, 53, 53 

breathing and, 234 

of children, 96-101, 98, 100 

defects, diseases, and disabilities affecting, 96 

definition of, 51 

developmental factors and, 97 

effect of activities on, 51 

environmental factors and, 96-97 

good, 51 

nutrition and, 96 


oblique abdominal muscles and, 70, 70, 71 
respiration and, 234 
in sitting position, 85, 85 
standard, 59-63 (See also Ideal alignment) 
Posture boards, 86, 87 
Posture chairs, 85 
PPS. See Post polio syndrome 
Pregnancy 
abdominal muscle weakness due to, 219, 224 
sacroiliac joint during, 219 
Pressure, 16 
amount of, 16 
definition of, 16, G4 
direction of, 16 
gradual application of, 16 
leverage and, 16 
pain due to, 34 
place of, 16 
Prime movers, 5 
Procerus 
action of. 127t 
innervation of, 123, 723 
origin and insertion of, 127t 
testing of, 729 
Pronation 
definition of, G-4 
of foot, 17, 63, 74-75, 74-75, 80, 370 
analysis and treatment of, 94 
corrective exercise for, 116. 776 
with flatness of longitudinal arch, 441 
without flatness of longitudinal arch, 440 
of forearm, 19, 58, 254c, 259, 297 
Pronator quadratus, 287, 287, 349 
action of, 254c, 287 
contracture of, 286 
innervation of, 27c, 257, 253c, 287 
origin and insertion of, 287 
spinal segment distribution to, 468c-469c 
testing strength of, 286-287. 286-287 
weakness of, 286 
Pronator teres. 286, 286, 349 
action of, 254c, 286 
contracture of, 286 
innervation of, 27c, 257, 286 
origins and insertion of, 286 
spinal segment distribution to, 468c—469c 
testing strength of, 286, 286 
weakness of, 286 
Pronator teres syndrome, 356 
Prone, definition of, G-4 
Proximal, definition of, G-2 
Psoas major, 65, 236. 365, 423, 423 
action of, 366c 
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cutaneous branches of, 257 
palmar, 256 
deep branch of, 344 


innervation of, 29c, 168c. 362. 364c, 368t, 423 
origin and insertion of, 423 
spinal segment distribution to, 470c-471c 
testing strength of, 423, 423 muscle impingement on, 341 
Psoas minor, 365. 423, 423 muscles innervated by, 27c, 144c, 252 
action of, 423 Spinal nerve and muscle charts indicating lesion of 347c 
innervation of, 29c. 168c, 364c. 368t, 423 348c 
origin and insertion of, 423 spinal segment distribution to, 472c 
spinal segment distribution to, 470c-471c superficial branch of, 250. 256, 257 
Ptcrygoideus lateralis Radiocarpal joint, 259 
Radioulnar joints, 259 


action of. 127t 
origin and insertion of. 127t Radius. 259, 259 


temporomandibular joint disorders affecting. 124 Rami 

testing of. 131 dorsal. 25. 27c. 29c. 144, 144c, 168с 
Pterygoideus medialis cutaneous branches of, 369 

action of. 127t ventral. 25, 27c. 29c. 144, 144c, 168c 

origin and insertion of. 127t forming brachial plexus, 248. 248c, 249 

temporomandibular joint disorders affecting. 124 forming cervical plexus, 144 

testing of. 131 forming lumbar plexus. 362, 362. 368t 
Pudendal nerve, 363 forming sacral plexus, 363. 363, 368t 
Pulmonary gas exchange. 233. 235 Range of motion, 4. 12. See also Joint motions 

active insufficiency and. 13 


Push- . 105. 169 
USUS for ankle dorsiflexion and plantar flexion, 371 


Put on a slack." definition of. G-4 in children, 97 
contracture and loss of, 17 


definition of. 12. G-4 
excessive. 4, 12 
of fingers. 295t 


Quadratus femoris, .265. 430. 430. 453 
action of, 366c, 430 for hip abduction and adduction, 372-373 
innervation of. 29c, 363, 364c, 368t, 430 for hip flexion and extension, 12, 187. 372. 376 
origin and insertion of. 430 for knee flexion. 12 
spinal segment distribution to. 470c-471c in lateral bending. 88 
testing strength of, 431. 437 limited. 4, 12 

Quadratus lumborum, 73. 176. 183. 236 muscle length testing and, 4. 12 
action of, 183 of neck. 146-J47. 147t 

passive. G-4 


grading of, J83 


innervation of. 29c. 168c. passive insufficiency and. 12 


183. 362. 364c, 368t 
of sacroiliac joint. 221 


origin and insertion of. 183, 237 
role in respiration, 237. 238 shortness and loss of, 17 
spinal segment distribution to. 470c-471c of shoulder rotators, 310. 3/7 
testing strength of. J83. 183 of spine. 168, 187 
Quadratus plantae. 365. 407, 407 in extension. 169. 169. 181 
action of, 407 in flexion, 169. /69. 174, 174-175 
innervation of. 29c. 364c, 407 stability vs. flexibility and. 51 
origins and insertions of. 407 of thumb, 295t 
spinal segment distribution to. 470c-47Ic weakness vs. restriction of, 15 
Quadriceps. 420. 420. See also Rectus femoris; Vastus Range of muscle length. 12. See also Muscle length testing 
intermedius; Vastus lateralis; Vastus medialis Rectus abdominis. 62. 65. 176. 194. 194. 197. 200, 201 
action of, 366c, 420 action of, J94 
contracture of. 421 during leg lowering, 70. 211. 211 
grading of. 217 


innervation of. 29c. 364c, 368t. 420 


origins and insertions of. 420 innervation of. 29c. 168c, 194 


in kyphotic-lordotic posture. 66 


shortness of, 421 

spinal segment distribution to. 470c-47k origin and insertion of, 194 

strengthening exercise for. 462, 462 role in respiration. 237 

testing strength of, 421. 427 sheath of, 194. 194 

weakness of, 421 spinal segment distribution to. 470c-47Ic 
Quadriceps tendon insufficiency. 15 weakness of. 194 
Quadrilateral space syndrome. 344, 344 Rectus capitis anterior. 750 

cause of, 344 action of, 149t 

pain of. 344 innervation of. 27c. 145c. 1491 

treatment of, 344, 344 origin and insertion of, 148t 

spinal segment distribution to. 468c-469c 


testing strength of, 154, 754 
Rectus capitis lateralis, 150 
action of. 1491 


Radial nerve, 27. 33. 248, 249, 251. 252. 253c, 344. 349 innervation of, 27с. 145c, 1491 


compression or tension on, 32 origin and insertion of. 148t 
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Rectus capitis lateralis—continued 

spinal segment distribution to, 468c—469c 
Rectus capitis posterior major 

action of, 149t 

innervation of, 149t 

origin and insertion of, 148t 
Rectus capitis posterior minor 

action of, 149t 

innervation of, 149t 

origin and insertion of, 148t 
Rectus femoris, 62, 65, 176, 365, 420, 420 

action of, 420 

innervation of, 420 

origin and insertion of, 420 

shortness of, 421 

testing length of, 376 

testing strength of, 13 

tightness of, 225 
Rectus inferior 

action of, 127t 

innervation of, 122, 722 

origin and insertion of, 127t 
Rectus lateralis 

action of, 127t 

innervation of, 122, 123 

origin and insertion of, 127t 

testing of, 133 
Rectus medialis 

action of, 127t 

innervation of, 122, 722 

origin and insertion of, 127t 

testing of, 133 
Rectus superior 

action of. 127t 

innervation of, 122, 722 

origin and insertion of. 127t 
Resistance, 16 

definition of, 16, G-4 

by gravity, 19, 22 
Respiration, 233-234 

cardiovascular fitness and, 234 

coordination and. 234 

effect of fear and anxiety on, 234 

effect of muscle imbalance on, 234 

obesity and, 234 

posture and, 234 

relaxation and control over, 234 

therapeutic objectives to assist in, 234 
Respiratory disorders. 233, 235 
Respirator)' failure, 234, 235 
Respiratory muscles, 167, 233-239 

accessory, 233, 237-238, 247 

chart of, 167. 233, 239c 

expiratory, 233, 239c, 241 

fatigue of, 234 

improving strength and endurance of, 234 

inspiratory, 233, 239c, 240-241 

origins and insertions of, 235 

primary, 233, 235, 235-237, 236, 240-241 

recruitment of, 233 
Respiratory pump, 233, 235 
Rhomboids, 326, 326, 349 

action of, 30It, 326 

in faulty alignment, 75 

innervation of, 27c, 248c, 251, 253c, 326, 338 

origins and insertions оѓ, 3014. 326 

role in respiration, 233 

shortness of, 327 








upper back pain due to, 338 
spinal segment distribution to. 468c-469c 
testing length of, 306, 306. 309, 309 
testing strength of, 327, 327 

modified test for, 328, 328 
tightness of, 479 
weakness of, 327 

Rickets, 96, 447 
Risorius 
action of, 127t 
innervation of, 122, 723 
origin and insertion of. 127t 
testing of, 729 
Rotation 
of atlanto-axial joint, 168 
of carpometacarpal joint of thumb, 258 
clockwise, 58, 58 171, G-3 
counterclockwise, 58, 58, 171, G-3 
definition of, 58, G-3 
lateral (external), 58, G-3 

of hip, 366c, 372, 429, 429 

of knee, 366c, 371 

of scapula, 302t, 303, 303 

of shoulder, 254c, 304, 305 
medial (internal), 58, G-3 

of hip, 366c, 372, 430-431, 430-431 

of knee, 366c, 371 

of scapula, 302t. 303, 303 

of shoulder, 254c, 304, 305 
of metacarpophalangeal joint of thumb, 258 
of spine, 171, 772 





cervical, 58, 146, 147t. 149t. 171 
in transverse plane, 54. 58, 58 
Rotatores 
action of, 179t 
origin and insertion of, 179t 


Sacral plexus, 363, 363, 365, 368t 
muscles innervated by, 29c. 168c, 364c 
spinal segment distribution to, 472c 

Sacroiliac joint, 220-221 
articular surface of, 220 
fibrous, 220 
ligamentous support for, 221 
movement of, 10. 220-221 
during pregnancy, 220 
range of motion of, 221 
synovial, 220, 221 
tuberosity of, 220 

Sacroiliac strain, 220-222 
flat-back posture and, 222 
location of pain due to, 222 
rationale for treatment of, 221 
supports for, 221, 222, 222 
treatment approaches for, 221 

Saddle joints, 10t 
carpometacarpal joint of thumb, 258 

Salpingopharyngeus 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 

Saphenous nerve, 29, 33, 364, 368, 369 
infrapatellar branch of, 369 

Sartorius, 62, 176, 365, 424, 424 


action of, 366c-367c, 424 
contracture of, 424 
innervation of, 29c, 364c, 368t, 424 
origin and insertion of, 424 
shortness of. 380. 350 
habitual positions predisposing to, 380 
spinal segment distribution to, 470с-471с 
testing length of, 376 
testing strength of, 13, 424, 424 
error in. 424, 424 
weakness of, 424 
"Saturday night palsy," 32 
Scalenus anterior, 150, 342 
action of, 1491 
innervation of. 27c, 145c, 149t, 249 
origin and insertion of, 148t 
role in respiration, 237 
spinal segment distribution to, 468c-469c 
testing strength of. 156. /56 
Scalenus anticus syndrome. 34 
Scalenus medius. 150, 342 
action of. 1491 
innervation of. 27c. 123. 123. 145c. 1491. 249 
origin and insertion of, 1481 
role in respiration, 237 
spinal segment distribution to. 468c-469c 
testing strength of. 156. 156 
Scalenus posterior, 150 
action of. 149t 
innervation of. 27c. 145c. 1491. 249 
origin and insertion of, 148t 
role in respiration. 237 
spina] segment distribution to. 468c-469c 
testing strength of. 156. 756 
Scaphoid. 259. 259 
Scapulale 303 
abduction of. 78-79. 92t. 303. 303 
during push-ups. 105 
adduction of. 78-79. 303. 303 
anterior tilt of, 58. 303. 303 
depression of, 303. 303 
elevation of. 78-79 92t, 303, 303 
in faulty alignment. 61. 74-75. 74-75. 78-79. 303 
in ideal alignment, 61, 65. 73. 73. 78, 474 
in kyphotic-lordotic posture. 66. 66 
movements of. 57, 3021, 303. 303 
"protraction" and "retraction" of. 302 
rotation of. 303. 303 


winging of. 79, 105. 334, 334. 336. 336. 337. 337 
due to serratus anterior paralysis. 474. 474-476. 475 
Scapular muscles. 298. 3011. 302(, 303 
chart of. 253c 
fixation. 15 
testing length of, 306, 306 
Scapulohumeral articulation, 300t 
Scapuloradial articulation, 3011 
Scapuloulnar articulation, 3011 
School desks and chairs, 96-97 
Sciatic nerve, 33. 363. 365. 368. 368t. 453 
muscles innervated by. 29c. 168c, 364c 
relationship to piriformis muscle, 453. 453 
spinal segment distribution to, 472c 
Sciatica. 454 
causes of. 454 
definition of. 454 
due to protruded intervertebral disk. 452. 454 
pain distribution in. 454 
vs. pain due to tensor fasciae latae tightness, 449 
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Sites of lesions giving rise to, 454 
stretched piriformis and. 453 
Scoliosis, 107-115 
causes of, 107 
compensatory, 109 
definition of, 107. G-4 
due to neuromuscular disease, 108, 708 
examination for. 107. 109, 709, 777 
in children, 113 
muscle length tests, 109 
muscle strength tests, 109 
observation of back during movement, 109 
postural alignment tests, 109 
postural examination chart, 110c 
exercises for, 108, 773, 113-114 
historical note on, 107 
precautions for, 114 
spinal flexibility and, 107, 114 
faulty postural habits and, 112, 772 
functional. 109 
handedness and, 112 
historical note on, 115 
idiopathic, 107 


importance of early intervention for, 115 
kyphoscoliosis, 114 
lateral pelvic tilt and, 109. 112 
muscle imbalance and, 107, 108, 114 
right thoracic, 709 
left lumbar, 109. 112, 113 
Structural. 109 
supports for, 114 
thoracolumbar. 709 
analysis and treatment of, 93t 
Semimembranosus. 365, 418. 475, 426, 453 
action of, 366c-367c. 418 
innervation of, 29c. 364c. 368t, 418 
origin and insertion of. 418 
spinal segment distribution to, 470c-471c 
testing strength of. 418. 475 
Semispinalis capitis, 177 
action of, 179t 
origin and insertion of, 179t 
testing strength of. 157. 157 
Semispinalis cervicis. 777 
action of, 179t 
origin and insertion of, 179t 
testing strength of, 157. 757 
Semispinalis thoracis. / 77 
action of. 179t 
origin and insertion of, 179t 
Semitendinosus. 365. 418. 4/5. 426. 453 
action of. 366c-367c. 418 
innervation of. 29c, 364c. 368t, 418 
origin and insertion of. 418 
spinal segment distribution to. 470c-471c 
testing strength of. 418. 4/5 
Serratus anterior. 332. 332-337. 349 
action of. 237. 30!t. 332. 476 
innervation of. 27c, 248c. 251, 253c. 332, 338. 476 
origin and insertion of, 237. 30It, 332, 476 
paralysis of. 252. 335. 335, 337, 337. 474-479 
anatomical considerations in. 476 
causes of. 474, 476 
clinical features of. 474-476. 475 
differential diagnosis of. 477 
examination for, 476-477 
with pain. 337. 474 
prognosis for, 474 
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Serratus anterior—continued 
scapular winging due to, 474, 474-476, 475 
treatment of, 475, 477, 471-479, 478 
role in respiration, 233, 237-238 
spinal segment distribution to, 468c-469c 
stretch weakness of, 335 
testing strength of, 88, 332-335, 332-335 
clinical example of, 334 
weakness of, 333-336. 334, 336 
effect on back extension test, 169, 769 
Serratus posterior inferior 
action of, 238 
innervation of, 29c, 168c 
origin and insertion of, 238 
role in respiration, 238 
spinal segment distribution to, 470c-471c 
Serratus posterior superior 
action of. 238 
innervation of, 29c, 168c 
origin and insertion of, 238 
role in respiration, 238 
spinal segment distribution to, 470c-471c 
Shoe corrections and orthoses, 445—446 
for bowlegs, 447 
for hallux valgus, 441 
for hammer toes, 441 
for high-heeled shoes, 445 
for in-toeing, 442 
for knock-knees, 447 
for lateral pelvic tilt, 114, 229 
due to tensor fasciae latae tightness. 398, 450 
leg measurements for, 438 
for medial rotation of hip and pronation of feet, 448 
for metatarsal arch strain, 441 
for out-toeing, 443 
for pronated feet 
with flatness of longitudinal arch, 441 
without flatness of longitudinal arch, 440 
for sciatic pain due to stretched piriformis, 453 
for supinated foot, 441 
types of, 445, 445-446 
cushioning insoles, 440 
heel wedge, 445-446 
long counter, 446 
longitudinal arch support, 446 
metatarsal bar, 446 
metatarsal pad, 446 
sole wedge, 446 
Thomas heel, 446 
Shoes, 444-445 
for child who is learning to walk, 445 
evaluating fit of, 440 
heel counter of, 444, 444 
heel height of, 445 
heel of, 445 
high-heeled, 445 
gastrocnemius and soleus shortness due to, 415 
metatarsal arch strain due to, 441 
pronation of foot without flatness of longitudinal arch 
due to, 440 
length of, 444 
radiograph of foot in, 446 
shape of, 444 
sole of, 445 
strength of shank of, 444 -445 
width of, 444 
Shortness, 4, 5 
adaptive, 35. 52, 341, G-I 





definition of, 17, G-4 
passive insufficiency due to, 12 
positions of deformity due to, 17 
Shoulders), 297-305 
depressed, 78 
unilateral, 159 
elevated, 78 
in faulty alignment, 74-75, 74-75. 78-79 
forward position of, 79 
analysis and treatment of, 92t 
good and faulty posture summary chart, 91c 
in ideal alignment, 60, 61, 73. 73, 78 
joint measurement chart for, 296c 
movements of, 54, 57 
flexion and extension, 56 
muscles controlling, 254c, 300t-302t 
position for accurate testing of, 306 
rotation, 58, 259 
testing length of humeral and scapular muscles for, 
306-311, 306-311 
overuse injuries of, 356 
position related to handedness, 76, 76 
position related to spinal curvatures in scoliosis, 109 
relationship to line of reference, 61 
round, G-4 
in sitting position, 85, 85 
subluxation of, 345 
Shoulder abductors, 302t 
Shoulder adductors, 302t 
adaptive shortening of, 479 
stretching of, 116, 776. 339, 357, 357 
testing length of, 339 
Shoulder-arm support, 345, 345 
Shoulder brace for serratus anterior paralysis, 475, 477, 


411-419, 478 
Shoulder extensors, 302t 
Shoulder flexors, 302t 
Shoulder girdle, 297 
articulations of, 297, 298-299, 300t-301t 
joints of, 297, 298-299 
acromioclavicular joint, 297 
costovertebral joint, 297 
gJenohumeral joint, 297, 304, 305 
sternoclavicular joint, 297, 303 
sternocostal joint, 297 
muscles of, 298 
normal alignment of, 342, 342 
terms related to, 297 
Shoulder joint. See Glenohumeral joint 
Shoulder rotators 
lateral, 302t 
normal range of motion of, 310 
stretching of, 345, 345 
testing length of, 310, 370-311 
testing strength of, 321, 327 
tightness of, 345 
medial, 302t 
normal range of motion of, 310 
shortness of, 322 
testing length of, 310, 370-311 
testing strength of, 322, 322 
weakness of, 322 
Shoulder supports, 339, 339 
Shoulder-wheel exercises, 304 
Sign 
definition of, G-4 
Trendelenburg, 435, 435, G-5 
Sit-and-reach test, 105 


Sit-ups, 206-208 
curled-trunk. 104. 187-192 
abdominal and hip flexor muscles during. 188-192, 
188-192 
analysis of trunk-raising movement during, 202 
differentiating actions of upper and lower abdominals 
during, 200-201, 200-201 
effect of abdominal and hip flexor imbalance on, 205, 
205 
effect of holding feet down during, 208. 208 
movements with hips and knees flexed. 189. 189, 193 
movements with legs extended. 188, 188. 193 
trunk movements during, 193, 193 
definition of. 193. G-4 
indications and contraindications to. 207. 207 
knee-bent, 104. 170, 206-207, 207 
lower back hyperextension during. 206 
as measure of physical fitness, 104 
Sitting position 
in automobile, 85 
chairs and, 85 
definition of, 193 
forward bending test in. 88. 169 
knees crossed in. 85 
lumbar support in. 85 
posture in, 85. 85 
reverse tailor (W). 442. 448. 448 
in school scats, 96-97 
Skeleton. 9 
Skull, sutures of. 10. lOt 
Soft palate muscles 
actions of. 138t 
innervation of. 1381 
origins and insertions of, 138t 
Sole wedge. 446 
Soleus. 365. 414. 4/4 
action of, 367c, 414 
contracture of. 414 
effects of Achilles tendon rupture on. 9 
innervation of. 29c. 364c. 414 
origin and insertion of. 414 
Shortness of. 414. 415 
spinal segment distribution to. 470c-471c 
testing length of, 375. 375 
testing strength of, 13. 88. 414, 414 
weakness of. 414 
Spasm. See Muscle spasm 
Spinal cord, 25, 144 
Spinal curvatures, 59, 64. 64. See also Flat-back posture; 
Kyphosis; Lordosis; Scoliosis; Sway-back posture 
abnormal. 64. G-2 
C-curve. 93t, 109, 109. 198 
definition of, G-2 
normal, 59. 64. 64. G-2 
lower back, 61 
upper back, 61 
S-curve, 107. 109 
in scoliosis. 109 
Spinal nerve and motor point chart 
for lower extremities. 365 
for upper extremity. 251, 349 
Spinal nerve and muscle charts. 26 
for lower extremity, 364c 
case studies using, 454 
common peroneal nerve involvement, 455c 
lumbosacral nerve lesion. 458c 
possible L5 lesion, 456c-457c 
for neck, diaphragm, and upper extremity, 26. 27c, 144c 
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case studies using, 346 

brachial plexus lesion, 352c 
brachial plexus medial cord lesion, 351c 
probable C5 lesion, 350c 
radial, median, and ulnar nerve involvement, 348c 
radial nerve lesion, 347c 

peripheral nerve section of, 26, 27c, 29c, 144c, 168c 

recording muscle strength grades on, 28 

sensory section of, 26, 27c, 29c, 168c 

spinal segment section of, 26 

for trunk and lower extremity, 26, 29c, 168c 

use in differential diagnosis, 26, 28 

Spinal nerve root pressure, 34 


cervical, 160 
Spinal nerve roots, 25 
dorsal, 25. 144 
internal compression on, 32 
ventral, 25. 144 
Spinal nerves. 25 
cervical, 26. 27c. 144c. 145. 149t 
thoracic, 29c, 168c 
Spinal segments 
definition of. 25 
distribution to nerves and muscles. 25. 466-467, 
468c-472c 
symbols used on charts of. 25. 466-467 
on spinal nerve and muscle charts, 26 
for neck, diaphragm, and upper extremity, 27c, 144c 
for trunk and lower extremity, 29c, 168c 
Spinalis capitis 
action of, 178t 
origin and insertion of, 178t 
Spinalis cervicis. 177 
action of, 178t 
origin and insertion of. 178t 
Spinalis thoracis, 177 
action of, 178t 
origin and insertion of, 178t 
Spine. See also Cervical spine; Lumbar spine: Thoracic 
spine: Vertebral column 
extension of. 169-170. 169-170. 172 
flexion of. 169-170. 169-170, 172 
good and faulty posture summary chart, 90c-91c 
hyperextension of, 171. 171 
lack of stability of. 31 
lateral flexion of. 171. /72 
measuring movements of, 172 
rotation of, 171. 172 
in zero position. 190. 190 
Splenius capitis. 177 
action of. 179t 
innervation of. 123, 123, 159 
origin and insertion of, 179t 
testing strength of, 157, 157 
Splenius cervicis. 177 
action of, 179t 
origin and insertion of, 179t 
testing strength of, 157, 157 
Sprain, definition of, G-4 
Squat lift, 230 
Stability 
definition of, G-4 
vs. flexibility, 51 
vs. mobility as desired treatment outcome, 31 
Stabilization, 14-15 
definition of. G-4 
Standard position, 59. See also Ideal alignment 
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Standing position 
bending forward from, 88, 169 
of child, 700 
examining alignment in, 86 
measuring leg length in, 438 
testing back extension in, 169 
Sternoclavicular joint, 297. 298, 299, 303 
Sternocleidomastoid, 349 
action of, 149t 
contracture of, 156 
innervation of, 26, 27c, 123,723, 145c, 149t, 251, 253c 
origin and insertion of, 148t 
role in respiration, 233, 237 
shortness of, 156 
spinal segment distribution to, 468c-469c 
testing strength of, 156, 756 
Sternocostal joint, 297, 299 
Sternohumeral articulation, 300t 
Sternohyoid, 757 
action of, 139t 
innervation of, 123, 723, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
Sternothyroid, 757 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
Straight-leg raising, to stretch hamstrings, 390, 390 
Straight-leg-raising test, 383, 383 
ay nt hamstring len; eater than actual length on, 
Pare hamstring gth gn gth 
controlling variables in, 382, 388 
double-leg raising, 210, 270 
effect of hip flexor shortness оп, 382, 387, 36°7 
equipment for, 383 
errors in, 388, 388 
excessive hamstring length on, 384-385 
hamstring shortness on, 386, 386 
normal hamstring length on, 384-385, 384-385 
range of motion on, 187, 383 
starting position for, 383 
test movement for, 383 
Strain 
definition of, G-4 
lumbosacral, 220 
metatarsal arch, 441 
sacroiliac, 220-222 
stretch weakness and, 35 
trapezius 
middle and lower, 339 
upper, 160 
Strength 
active insufficiency and, 12, 13 
grading of, 19-24 (See also Grading) 
of one-joint muscles, 13 
Strength testing, 4, 5, 13-17, 88 
of abdominal muscles, 88, 104 
differentiating actions of upper and lower abdominals 
200-201, 200-201 
lower abdominals, 212-213, 273 
oblique flexors, 186, 186 
recording of, 217, 277 
in scoliosis, 109, 777, 185, 186 
upper abdominals, 202-203, 203 
of abductor digiti minimi of hand, 270, 270 
of abductor hallucis, 400, 400 





of abductor pollicis brevis, 262, 262 
of abductor pollicis longus, 268, 268 
active insufficiency and, 13 
of adductor pollicis, 261 
of anconeus, 292-293, 292-293 
of ankle plantar flexors, 413-415, 473-415 
of back extensors, 180,780-181 
of biceps brachii, 288, 288, 290, 290 
of biceps femoris, 419, 479 
of brachialis, 290, 290 
of brachioradialis, 294, 294 
of cervical erector spinae, 157, 757 
of coracobrachialis, 313, 373 
definition of, 15 
of deltoid, 13, 315-317, 315-317 
at end of range with maximal shortening of muscle, 13 
of extensor carpi radialis brevis, 284, 284 
of extensor carpi radialis longus, 284, 284 
of extensor carpi ulnaris, 285, 285 
of extensor digitorum, 279, 279 
of extensor digitorum brevis, 409, 409 
of extensor digitorum longus, 409, 409 
of extensor hallucis brevis, 403, 403 
of extensor pollicis brevis, 267, 267 
of extensor pollicis longus, 266, 266 
of facial muscles, 121 
of flexor carpi radialis, 282, 282 
of flexor carpi ulnaris, 283, 263 
of flexor digiti minimi of hand, 271, 277 
of flexor digitorum brevis, 406, 406 
of flexor digitorum longus, 407, 407 
of flexor digitorum profundus, 281, 287 
of flexor digitorum superficialis, 280, 280 
of flexor hallucis brevis, 401, 407 
flexor hallucis longus, 402, 402 
f flexor pollicis brevis, 265, 265 
f flexor pollicis longus, 264, 264 
f gastrocnemius, 13 
gluteus maximus, 13, 88, 436, 436 
f gluteus medius, 17, 88 
f gluteus minimus, 432, 432 
hamstrings, 13, 88, 417-419, 417-419 
andheld dynamometers for, 6-7, 7 
f hip abductors, 16, 184, 784, 432-434, 432-434 
f hip adductors, 16, 427, 427 
f hip extensors, 180, 780 
hip flexors, 88, 104 
f hip rotators 
lateral, 431.437 
medial, 429, 429 
iliopsoas, 13 
for infants and children, 19 
of infraspinatus, 321, 327 
of interossei of foot, 405, 405 
of interossei of hand 
dorsal, 272, 272 
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palmar, 273, 273 
of lateral trunk muscles, 184-185, 784-185 
of latissimus dorsi, 159, 324, 324-325 
of longus colli, 154, 754 
of lumbricales of foot, 405, 405 
of lumbricales of hand, 274-275, 274-275 
machines for, 6 
at midrange of overall length of muscle, 13-14 
of neck extensors, 157, 157 
of neck flexors 

anterior, 154, 754 





anterolateral, 156,/56 
objectivity in, 6 
of opponens digiti minimi of hand, 269, 269 
of opponens pollicis, 263, 263 
of pa(maris longus, 277, 277 
of pectoralis major, 13, 318-319, 3/8-3/9 
of pectoralis minor, 320. 320 
of peroneus brevis. 412, 4/2 
of peroneus longus. 412. 4/2 
brevis, and tertius. 13 
of peroneus tertius, 409, 409 
of popliteus. 416, 4/6 
purpose of, 5 
of quadratus lumborum. 183, /83 
of quadriceps femoris, 421, 427 
of rectus capitis anterior, 154, 154 
of rectus femoris, 13 
of rhomboids. 327-328. 327-328 
rules of procedure for, 14 
of sartorius, 13, 424, 424 
of scaleni, 156. /56 
in scoliosis, 109 
of semimembranosus. 418, 4/8 
of semispinalis capitis and cervicis, 157, 157 
of semitendinosus, 418, 4/5 
of serratus anterior. 88. 332-335, 332-335 
of shoulder rotators 
lateral. 321, 327 
medial. 322, 322 
of soleus, 13, 88. 414, 4/4 
of splenius capitis and cervicis, 157. 157 
of sternocleidomastoid, 156, /56 
of supinator. 288-289. 288-289 
of supraspinatus, 314 
of tensor fasciae latae, 425. 425 
of teres major. 323. 323 
of teres minor, 321, 327 
terms used in description of tests. 14-17 
fixation, 14-15 
patient. 14 


pressure and resistance. 16 
substitution, 17 
test movement, 16 
test position. 15-16 
weakness, shortness, and contracture. 17 
of thumb muscles. 13 
of tibialis anterior, 410, 4/0 
of tibialis anterior and posterior. 13 
of tibialis posterior. 411,4// 
of toe flexors, 88 
of trapezius. 88 
lower fibers, 330, 330 
middle fibers, 329, 329 
upper fibers, 157. 158. 758. 331. 331 
of triceps brachii. 13. 292-293. 292-293 
of trunk muscles, 88 
back extensors and hip extensors, 180-181, /80-181 
lateral trunk muscles and hip abductors. 184—185 
184-185 
weakness on, 17 
vs. joint instability, 15 
vs. restricted range of motion, 15 
Strengthening exercises. 36, 463 
for abdominal muscles, 243, 243 
for children, 97 


for external obliques. 70. 215-216. 2/5-216 
for faulty postural alignment, 92t-94t 
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for gluteals, 462, 462 
for hamstrings, 227 
forhip abductors, 434, 462.462 
for hip extensors, 462, 462 
for iliopsoas. 228 
for latissimus dorsi, 163. /63, 357, 357 
for quadriceps, 462, 462 
for sway-back posture, 70 
for trapezius, 339, 478 
Stress, definition of, G-4-5 
Stretch, definition of, G-5 
Stretch weakness, 5, 35 
in cases of occupational or postural strain, 35 
definition of, 35, G-5 
exercise for, 36 
superimposed on central nervous System lesion, 35 
superimposed on muscles affected by anterior horn cell 
involvement, 35 
superimposed on normal muscle, 35 
superimposed on peripheral nerve injury, 355 
treatment of, 35 
Stretching. 4, 31, 36. 463 
for faulty postural alignment. 92t-94t 
of hamstrings. 390. 390. 463.463 
positions to avoid, 390, 390 
of hip flexors. 224. 225. 225. 381. 367, 398, 395, 462, 462 
of iliotibial band, 398, 398 
of lateral neck flexors, 159 
of latissimus dorsi, 344, 344 
of lower back, 242. 242 
massage with, 36 
muscle vulnerability to. 11 
of neck extensors, 147 
of neck muscles. 163. /63 
of pectoralis minor. 343. 343 
of posterior neck. 116, //6 
of posterior neck muscles. 159 
of shoulder adductors, 116, 116 
of shoulder external rotators. 345, 345 
of tensor fasciae latae, 398. 395. 450. 450 
of teres major. 344. 344 
Styloglossus 
action of, 138t 


innervation of. 123, 7/23. 1381 
origin and insertion of. 138t 
role in deglutition, 138t 
Stylohyoid, 2/57 
action of. 138t 
innervation of. 122. 123, 138t 
origin and insertion of, 138t 
role in deglutition, 1381 
Stylopharyngeus 
action of, 1391 
innervation of. 722, 123. 139t 
origin and insertion of, 139t 
role in deglutition. 139t 
Subclavian artery, 342 
in coracoid pressure syndrome, 342 
thoracic outlet syndrome due to compression of, 341 
Subclavian nerve, 144c. 248c. 249, 251. 253c. 349 
spinal segment distribution to, 472c 
Subclavius, 298. 299. 349 
action of, 238, 30It 
innervation of. 27c. 248c. 25]. 253c 
origin and insertion of, 238, 30It 
role in respiration, 238 
spinal segment distribution to, 468c-469c 
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Subcostal nerve, lateral cutaneous branch of, 569 
Subcostales, 238 
innervation of, 29c, 168c 
spinal segment distribution to, 470c-471c 
Subjective, definition of, G-5 
Subluxation, shoulder, 345 
Suboccipital nerve, 149t 
Subscapular nerve 
lower, 144c, 249, 251, 349 
muscles innervated by, 27c, 248c, 253c 
spinal segment distribution to, 472c 
upper, 27c, 144c, 249, 251, 349 
muscles innervated by, 27c, 248c, 253c 
spinal segment distribution to, 472c 
Subscapularis, 322, 322, 349 
action of, 254c, 300t, 322 
innervation of, 27c, 248c, 257, 253c, 322 
origin and insertion of, 300t, 322 
spinal segment distribution to, 468c-469c 
testing length of, 306 
Substitution, 17 
definition of, 17, G-5 
Subtalar joint. 63, 370 
Supination 
definition of, G-5 
of foot, 63,6V. 370 
analysis and treatment of, 94t 
of forearm, 19, 58, 254c, 259, 297 
Supinator, 288, 288, 349 
action of, 254c, 288 
contracture of, 288 
innervation of, 27c, 252, 288 
origin and insertion of, 288 
spinal segment distribution to, 468c-469c 
testing strength of. 288-289, 288-289 
weakness of, 288 
Supine, definition of, G-5 
Supports, 37 
duration of use of, 37 
or faulty shoulder and upper back posture, 147 
to hold shoulders back, 339, 359 
or instability, 31 
or intervertebral disk protrusion, 452 
for knock-knees, 447 
for low back pain, 225-226, 226. 232 
sacroiliac strain, 221, 222, 222 
tight one-joint hip flexors, 224 
weak anterior abdominal muscles, 37, 223-224 
for lumbar spine hyperflexion, 228 





340 
for muscle spasm, 34 
for scoliosis, 114 
for serratus anterior paralysis, 475, 477, 477-479, 478 
for shoulder subluxation, 345, 345 
for stretch weakness, 35 
for sway-back posture, 227-228 
Supraclavicular nerve, 27, 248c, 250, 251, 256, 257 
Suprahyoid muscles 
action of, 138t 
innervation of, 138t 
origins and insertions of, 138t 
testing of, 732 
Supraorbital nerve, 725 
Suprascapular nerve, 249. 252, 542. 549 
compression or tension on, 32 





for middle and upper back pain from osteoporosis, 340, 


muscles innervated by, 27c, 144c, 253c 
spinal segment distribution to, 472c 
Supraspinatus. 314, 574, 549 
action of, 254c. 300t, 314 
innervation of, 27c, 248c, 257. 253c. 314 
origin and insertion of, 300t, 314 
spinal segment distribution to, 468c-469c 
testing strength of, 314 
weakness of, 314 
Supratrochlear nerve, 725 
Sural cutaneous nerve 
lateral, 369 
medial, 369, 369 
Sural nerve, 29. 364. 369 
Surfaces, definition of, G-5 
Sutures of skull. 10, 10t 
Sway-back posture, 61, 64, 64. 77, 72, 72 
abdominal muscles in, 70, 77. 72, 72. 198, 227 
analysis and treatment of, 93t 
in child, 700 
definition of, 227, G-5 
exercises for, 228 
vs. lordosis, 71, 72, 227 
posterior pelvic tilt in, 64, 64. 70, 77. 72, 72. 93t, 227 
227-228 
supports for, 227-228 
Swimmer's shoulder, 356 
Symphysis pubis, 10, 1Ot, 62, 64, 173, 176, 221 
Symptom, definition of, G-5 
Synarthrosis, lOt 
Synchondrosis, lOt, 220 
Syndesmosis, lOt, 220 
Syndrome, definition of, G-5 
Synovial joints, 10, 10t, 220, 221 


Talipes 
calcaneovalgus, 405 
calcaneovarus, 405, 410 
calcaneus, 405 
cavus, 405 
equinovalgus, 405 
equinovarus, 405, 411 
equinus, 405, 413, 414 
valgus, 405, G-5 
varus, 405, G-5 
Talocalcaneonavicular joint, 370 
Talonavicular joint, 370 
Talus, 63, 370 
Tape measure for postural examination, 86 
Taping, for stretched tensor fasciae latae, 450-451, 450-45/ 
Taut, 17 
definition of, G-5 
Temporalis 
action of, 127t 
innervation of, 122, 723 
origin and insertion of, till 
temporomandibular joint disorders affecting, 124 
testing of, 737 
Temporomandibular joint (TMJ) 
effects of disorders of, 124 
forward-head position causing remodeling of, 159 
movements of, 124 
Tendo calcaneus, 73-75, 73-75 
Tendons, 9 
injury of, 9 
muscle spasm associated with, 35 
weakness vs. insufficiency of, 15 
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Tennis elbow. 356 
Tension 
definition of. G-5 
on nerve, 32 
pain due to, 34 
Tensor fasciae latae, 9, 62, 65. 73. 176. 365. 425,425, 437, 4} 
action of, 366c, 425 
contracture of, 425 
in faulty alignment, 74 
innervation of, 29c, 364c. 368t, 425 
origin and insertion of. 425 
shortness of, 425 
adaptive. 380 
habitual positions predisposing to, 380 
during hip flexor length testing, 380 
spinal segment distribution to. 470c-471c 
stretched 
leg pain due to. 450-451 
taping for. 450-451. 450-451 
stretching of. 398. 398. 448. 450, 450 
testing length of, 376 
in scoliosis. 109 
testing strength of. 425. 425 
tightness of, 225 
activities associated with, 449 
errors in testing for. 393. 393 
in-loe'tng due to. 442 
knock-knees with. 447 
leg pain due to. 449-450. 449-450 
Ober test for. 391-394. 392-394 
peroneal nerve irritation due to. 449 
scoliosis due to. 112 
Shoe corrections for. 398. 450 
treatment of. 398. 398. 449-450 
unilateral, lateral pelvic tilt due to. 229. 439 
weakness of, 425 
Tensor veli palatini 
action of, 138t 
innervation of. 138t 
origin and insertion of. 1381 
role in deglutition. 138t 
Teres major. 323. 323. 344. 349 
action of. 254c. 300t. 323 
impingement on axillary nerve by. 344 
innervation of, 27c. 248c, 251. 253c. 323 
origin and insertion of. 300t. 323 
shortness of. 323 


spinal segment distribution to. 468c-469c 
stretching of. 344. 344 
testing length of. 306. 306, 309. 309 
in scoliosis. 109 
testing strength of. 323. 323 
tightness of, 344 
weakness of, 323 
Teres minor, 321. 344, 349 
action of, 254c. 300t, 321 
innervation of, 27c. 251. 252. 253c. 321 
origin and insertion of. 300t, 321 
spinal segment distribution to, 468c-469c 
testing strength of, 321. 327 
weakness of, 321 
Teres syndrome. 344, 344 
cause of. 344 
pain of, 344 
treatment of, 344. 344 
Test. See also Manual muscle testing; Muscle length testing; 
Strength testing 
break, 19. G-I 


INDEX 


definition of, G-5 
measurable. G-3 
Ober, 391-394. G-3 
practical, G-4 
reliable, G-4 
Thomas, 376, G-5 
useful. G-5 
valid. G-5 
Test movement, 16 
definition of, 16, G-5 
grading in. 20, 22, 23t 
Test position, 15-16 
definition of. 15, G-5 
grading in, 16, 20, 23t 
optimal, 15 
definition of, G-4 
Thomas heel, 446 
Thomas test, 376 
definition of, G-5 
Thoracic nerves, muscles innervated by, 29c, 168c 
Thoracic outlet syndrome, 341 
cause of, 341 
conservative treatment of, 341 
diagnosis of, 341 
symptoms of, 341 
Thoracic spine, 167 
extension of, 170 
in faulty alignment, 74-75, 74-75 
in flat-back posture, 64, 64. 68, 68 
flexion of, 92t, 170 
in ideal alignment. 61, 64, 64, 65, 65. 73, 73 
in kyphotic-lordotic posture. 64. 64. 66. 66 
in lordotic posture. 67. 67 
normal curvature of. 64, 64 
in sway-back posture, 64, 64, 72, 72 
Thoracodorsal nerve. 144c, 248c. 249. 251, 349 
muscles innervated by, 27c, 253c 
spinal segment distribution to, 472c 
Thoracolumbar fascia, 9 
Thorax. 168 
components of, 233 
depression of. 921. 168 
due to shortness of abdominal oblique muscles, 
elevation of, 168 
good and faulty posture summary chart, 91c 
rotation of. 58 
Thumb 
adduction deformity of. 261. 262 
carpometacarpal joint of. 258 
interphalangeal joint of. 258 
muscles controlling movements of. 255c, 261-268 
26/-268 
spinal segment distribution to, 468c—*69c 
testing strength of, 13. 296 
weakness of, 296 
opposition with little finger. 258 
range of motion of joints of. 2951 
Thyroepiglotticus 
action of, 139t 
innervation of, 139t 
origin and insertion of. 139t 
role in deglutition. 139t 
Thyrohyoid, 151 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 








INDEX 


Tibia, 371 З 
in-toeing due to medial torsion of, 442 action of, d 179 tion of. 179% 
out-toeing due to lateral torsion of, 443 WES Hoe D 197. 797 
posterior bowing of, 84 action of. 197 dr i 

EE эң ine ot: 290, 16, 197 368 
medial calcanean branches of, 369 origin and insertion of. 197. 237 
muscles innervated by, 29c, 168c, 364c role in respiration, 237 


spinal segment distribution to, 472c spinal segment distribution to, 470c-471 c 
weakness of, 197, 797 


Tibialis anterior, 365. 410. 410. 449 ! 
action of. 366c-367c, 410 Transversus thoracis 
contracture of, 410 action of, 238 
innervation of, 29c, 364c. 368t. 410 innervation of, 29c 
origin and insertion of, 410 origin and insertion of, 238 

role in respiration, 238 


spinal segment distribution to, 470c—171c - п, 220. 
testing strength of, 13, 410. 410 spinal segment distribution to, 470c-47 1c 
Ў Trapezium, 259 


weakness of, 410 1 
Tibialis posterior, 73, 73. 365, 411, 4// Trapezius, 777. 326, 326, 342 

action of, 367c, 411 action of, 30It. 326 

contracture of, 411 innervation of, 26. 27c, 123, 723, 145c, 149t 257 253c 

in faulty alignment, 74-75 326 

innervation of, 29c, 364c, 411 lower, 30It, 326, 326. 349 

origin and insertion of, 411 strain of, 339 

testing strength of. 330, 330 


spinal segment distribution to, 470c-471c 
testing strength of, 13, 411, 477 
weakness of, 95, 411 


weakness of, 330. 339, 342 
middle. 30It. 326,326. 349 


Tight, 17 strain of, 339 
a testing strength of, 329, 329 
Tightness "finition of, G-5 spe aed 
Tilt 58 > > origins and insertions of, 148t, 30It, 326 
definition of G-5 paralysis of, 337, 337 
of head. 58 d shortness of, 158 
EUN Кз spasm of, 158 
Dee ae b spinal segment distribution to, 468c-469c 
puan оез z СЕ strengthening exercises for, 339, 478 
TMJ. See Temporomandibular joint stretch weakness Gk 35 
bn POETE, 
EU EE y 1 lower fibers, 330, 330 
Tes rem aen middle fibers. 329. 329 
Pa: inscoliosis, 109 
testing strength of, 88 upper fibers, 157, 158. 758. 331,331 
in infants and children, 24 upper. 326, 326, 349 
weakness of, 24, 95 anterior, 298, 299, ЗО 
Toes р 1 contracture of, 158, 331 
flexion and extension of, 56, 370, 370 posterior, 298, 299, 3011 
good and faulty posture summary chart, 90c protective spasm of, 342 
hallux valgus, 400. 441 role in respiration, 233, 238 
hammer toes, 94t. 441, 447 shortness of, 331 
muscles controlling movements of, 367c strain of, 160 
spinal segment distribution to, 470c-471c stretching of, 163, 763, 357, 357 
touching of testing strength of, 157, 158. 756%, 331, 337 
ability related to age level, 101,701, 102c-103c, tight, 17 
sit-and-reach test, 105 weakness of, 331 
Tongue muscles weakness of, 95, 158, 331 
action of, 138t Trapezoid, 259 
innervation of, 123, 725, 138t Traumatic injury 
origins and insertions of, 138t of neck, 143 
role in deglutition, 138t of nerves, 31-32 
Torticollis, 96. 154, 156, 158, 331 serratus anterior paralysis due to, 474, 476 
Tourniquet, nerve compression from, 32 Treatment fundamentals. 30-31 
ey ,233 guidelines for the clinician, 30 
хаб ue f 36 role of muscles, 31 
pire on 5 566 stability or mobility, 31 
enion Ob. Treatment modalities, 36-37 
on iliotibial band, 32 cold, 37 
therapeutic effects of, 36 electrical stimulation, 36 
Transverse tarsal joint, 63, 370 exercise, 36 
Transverse thoracis, innervation of, 168c heat, 27 
Transversospinalis, 777 massage, 36 





cal portal MedWedi.ru 


supports. 37 
traction. 36 

Trendelenburg gait, 435 

Trendelenburg sign, 435. 435 
definition of. G-5 

Triceps brachii, 292, 292. 344 
action of, 254c, 292, 3011 
contracture of, 293 
innervation of. 27c. 251, 292 
lateral head of. 292. 292. 349 
long head of. 292, 292. 30]t, 349 
medial head of, 292. 292. 349 
origins and insertions of. 292. 3011 
spinal segment distribution to, 468c-469c 
testing strength of. 13. 292-293. 292-293 
weakness of, 293 

Trigeminal nerve (CN V). 121, 122 


muscles innervated by. 122. J22. 1261-1271. 1381 


Triquetrum. 259. 259 
Trochlear nerve (CN IV), 122 
muscle innervated by, 122. 122, 127t 
Trochoid joints. See Pivot joints 
Trunk 
definition of. 168 
dermatomes of. 29. 168. 168c 
extension of. 88. 170. 170. 172 
range of motion in, 168. 168 
flexion of. 170, 170. 172 
range of motion in. 168. 168 
hyperextension of. 171. 171 
lateral flexion of, 171. J72 
pelvis. 173. 173 
rotation of, 171. 172 
Trunk curl. 209. 209. See also Sil-ups 
abdominal and hip flexor muscles during. 191-192. 
191-192 
imbalance between. 205, 205 
abdominal muscle weakness during, 204. 204 
analysis of trunk-raising movement. 202 
assisted, 209, 209 
definition of, 193 
differentiating actions of upper and lower abdominals 
during. 200-201. 200-201 
effect of holding feet down during. 208, 208 
with hips and knees flexed. 189. 789. /93 
increasing resistance during. 209 
with legs extended. 188. 188. 193 
to Strengthen abdominal muscles. 209. 209 
testing and grading upper abdominals during, 202-203, 
203 
Trunk extension test. 88. 169. /69. 
Trunk flexion test, 88. 169. /69 
Trunk muscles. 167, 176-J86. See also Abdominal muscles; 
Back muscles; specific muscles 
anterior flexors, testing and grading of, 212-213, 213 
exercises for. 242-243. 242-243 
group tests of, 167 
lateral. 73. 73. 176 
in faulty alignment, 74-75 
grading of, 217 
in scoliosis. 185 
testing length of, 88 
lateral flexors. 184-185 
hip abductors and, 184, 184 
testing and grading of, 184-185. 184-185 
oblique flexors, testing and grading of, 186, 186 
opposing groups of, 167, 176 
anteroposterior, 176 
lateral. 176 


180-181. 180-181 


INDEX 


polio/posipolio muscle chart for, 43c 
spinal segment distribution to, 470c-471c 
testing strength of. 88 
back extensors and hip extensors, 180-181. 180-181 
lateral trunk muscles and hip abductors. 184-185, 
184-185 
weakness of, 95 
Trunk raising. 168. 180. 180-181 
abdominal muscle strength during, 70 
oblique. 186, 186 
sideways. 184-185. 184-185 
Twister, for in-toeing or out-toeing. 442. 443 
Types ! and Il muscle fibers. 9 


Ulna. 259, 259 
Ulnar nerve, 27. 33. 248. 249, 250. 251, 253c. 349 
compression of. 32 
dorsal cutaneous branch of. 256, 257 
flexor carpi ulnaris impingement on. 341 
muscles innervated by. 27. 144c 
palmar cutaneous branches of. 256 
spinal nerve and muscle chart indicating lesion of, 348c 
spinal segment distribution to, 472c 
Ultrasound. 37 
Umbilicus deviation, abdominal muscle imbalance and. 218 
Upper extremities. 248-357 
arm pain. 341-345, 356-357 
chart for analysis of muscle imbalance in. 260c 
dermatomes of. 27, 250. 347. 348. 350-352 
development of. 56 
innervation of. 27c. 144c. 248c. 249-251. 252. 253c. 349 
brachial plexus. 248, 248c. 249 
eulaneous nerves. 250. 256-257, 256-257 
joint measurement chart for, 296c 
movements of thumb and finger joints, 258-259. 295t 
movements of wrist, radioulnar, and elbow joints. 259 
muscle charts for, 254c-255c. 312c 
polio/postpolio. 42c 
overuse injuries of, 356-357 
shoulder joint. 297-311 
spinal nerve and motor point chart for. 257. 349 
spinal nerve and muscle chart for. 26. 27c, 144c 
case studies using. 346 
brachial plexus lesion. 352c 
brachial plexus media) cord lesion, 351 c 
probable C5 lesion. 350c 
radial, median, and ulnar nerve involvement. 348c 
radial nerve lesion. 347c 
spinal segment distribution to muscles of, 468c-469c 
spinal segment distribution to nerves of, 472c 
strength testing for, 261-295, 313-337 
upper back pain, 338-340 
Uvulae 
action of, !38t 
innervation of, 138t 
origin and insertion of. 1381 
role in deglutition, 138t 


Vagus nerve (CN X), 722 
muscles innervated by. 139t 
Valgus 
definition of, G-5 
genu, G-2, G-3, G-5 (See also Knock-knees) 
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Valgus—continued 
hallux, 400, 441 
talipes, 405, G-5 
Varus 
definition of, G-5 
genu, G-2, G-5 (See also Bowlegs) 
talipes, 405, G-5 
Vastus intermedius, 365, 420, 420 
action of, 420 
innervation of, 420 
origin and insertion of, 420 
Vastus lateralis, 365, 420, 420 
action of, 420 
innervation of, 420 
origin and insertion of, 420 
Vastus medialis, 365, 420, 420 
action of, 420 
innervation of, 420 
origin and insertion of. 420 
Ventilation, 233. See also Respiration 
Ventral, definition of, G-5 
Vertebral column. See also Cervical spine; Lumbar spine; 
Spine; Thoracic spine 
extension of, 169-170, 169-170 
flexion of, 169-170, 169-170 
hyperextension of, 171, 171 
joints of, 168 
lateral flexion of, 171 
range of motion of, 168 
rotation of, 171 
spinal cord within, 25 
Vertebroclavicular articulation, 298, 299, 30It 
Vertebrocostohumeral articulation, 300t 
Vertebroscapular articulation, 295, 30It 
Vestibulocochlearis nerve (CN VUI), 121,722 
Vitamin D deficiency, 96 
Vocalis 
action of, 139t 
innervation of, 139t 
origin and insertion of, 139t 
role in deglutition, 139t 
Volar, definition of, G-5 


Wall-sitting postural exercise, 70, 116,//6, 357, 357 
Wall-standing postural exercise, 70, 116, //6, 243, 243 
Weakness, 4, 17 

bilateral, 28 


causes of, 4, 5, 28 
definition of, 17 
due to faulty posture, 4, 28 
grading of, 19-24 (See also Grading) 
vs. joint instability, 15 
loss of movement due to, 17 
in neuromuscular disorders, 4, 31 
overstretch, G-4 
patterns of, 4, 31 
positions of deformity due to, 17 
in postpolio syndrome, 39-40 
vs. restricted range of motion, 15 
stretch, 5, 35, G-5 
substitution due to, 17 
vs. tendon insufficiency, 15 
Weight distribution. See also Body weight 
balanced, 59 
over balls of feet, 69, 69 
Weight reduction, 234 
Weightlifting, 231, 237 
West Nile Virus, 39 
Wheelchair users, upper extremity overuse injuries among, 
356 
Whiplash injury, 143 
William's Flexion Brace, 223 
Wrist, 259 
bones of, 259 
fixed deformity of, 17 
joint measurement chart for, 296c 
movements of, 56, 57, 259 
muscles controlling movements of, 255c, 282-285, 
282-285 


Wrist extensors, stretch weakness of, 35 


Zero position, 54, 54 
spine, pelvis, and hip joints in, 187, 190, 790 
Zygomaticofacial nerve, 725 
Zygomaticotemporal nerve, 725 
Zygomaticus major 
action of, 127t 
innervation of, 122, 723 
origin and insertion of, 127t 
testing of, 729 
Zygomaticus minor 
action of, 127t 
innervation of, 122, 723 
origin and insertion of, 127t 
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